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PREFACE. 



I have endeavored in the delivery of these lectures 
to put within the reach and comprehension of the 
first course student the foundation facts and princi- 
ples upon which the stately edifice of physiology is 
built. And in the publication of them, which I have 
only presumed to venture in consequence of repeated 
requests on the part of the students of my class, I 
have adhered strictly to the spirit, and as far as I 
could, to the letter of the delivery. This explanation 
will suffice, I hope, to excuse the latitude of expres- 
sion and selection which would be accorded to off- 
hand, lecture-room, delivery, and which might be 
inexcusable in a text-book compiled for the more 
careful study of leisure hours. 

J. T. W. 

100 West Eighth St., 
Dec, 1878. 
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PRELIMINARY COURSE LECTURES. 



LECTURE I. 



THE INFLUENCE OF PHYSIOLOGY UPON PRAC- 
TICE AND UPON THE PRACTITIONER. 



The Address Introductory to the Course on Physiology at the Medical 

College of Ohio, September 1, 1878. 



CONTENTS. 

Dr. Jacob Primrose — The Exercitatio de Motu Cordis, etc. — Science vs. 
Practice — The Fallacy of Experience — Some Old Receipts— Opinions 
of Noted Men — Sterne, Shakespeare and Moli^re — The Royal Touch 
and the Caul — Contributions of Physiology to Practice—The Uni- 
versity of Naples — The Modern Physician — Gladstone's Response 
— Harvey and Haller — Characteristics of Physiologists. 

Nobody in this hall ever heard, I venture to say, of Dr. 
Jacobus Primerosius. But Primrose made a good deal of 
noise in his day, and many were they who thought him a 
great physician. I pick out Primrose to-night from among 
all the notabilities of his time because he was a representative 
man. He made'himself the exponent of his class. When 
the immortal Harvey proclaimed that startling truth about 
the circulation of the blood, which electrified the every-day 
world as well as the world of science and our branch of it to 
such degree that physicians met in counsel and gravely 
looked in each others faces and distressedly asked "what is 
now to become of us?" Primrose arose and said : "Pah I The 
Ancients made good cures before Harvey was born." 

Thereupon Primrose proceeded to put Harvey down. 
Harvey had worked twenty years over his study before he 



2 haxve:y'3 vobk. 

oonM wire it to hh oim ntiffartioa. Tboi aol^- did be 
ptfacb Lii docnrine. He woik^ oa Dine yenrs morp. Be 
rqieal^ all his old experimeDU. lie made new ones. He 
called in iill bis ffieods wfaom he conaidorpd competeat and 
•emired their confinnaiion. Then oaiy did be pnblbli iL 
Harrej waa &ttj jears old, it was in I62S, when h« pab- 
liibetl tbU fim and of all the OH^t brilliajit triampb of ex- 
perimental pfaynnlo^. It waswrittto in tbe purest ^irit 
of Kicnce, eipreaned irith an aec-jracr the most rigid and 
jmpretwed witb a modesly all through it in accord wilb its 
title. lie called it 

"An Attempt." 

It WM only a short manuscript, seventy-two pages in all, a 
fact in itself nbicb pni it in wonderful contrast to the 
gigantic folioa of speculation cumposed at that tinie. Tbcre 
IB a spirit of reverence all through it for the labors of hia 
prcdcccaBors, especially for those of Galen. It lies now, the 
original paiict, upon the shelves of the British museum; 
as to the truths contained in it, irhat child but knows that 
it« heart beats with pulses of blood. There fnllowcd after 
Harvey in later years the nest great man in physiology. 
This man, a Swiss, Albert Hallcr by name, said of Han'ey: 
"His name is second only to Hippocrates." "Libellui aureut," 
he said of his book. 

Primrose felt towards Harvey, the keen envy of ignorance 
and pretense towards solid knowledge snd sound truth. He 
hurried out his book under a high-sounding title in just 
fourteen days. The same Haller said of it : "It ia subtle in 
cavil, in experiment empty." Harvey never noticed it 
at all. 

I would like to use this incident in illustration of the snb- 
jci'l of my theme. Had tlio respective studies of these two 
men, Primrose and Harvey (I will scarcely be pardoned now 
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for meiitionlDg their names together), anything to do with 
their characters as men and physicians. 

Besides this vindication of the study of physiology I would 
like to use the opportunity to speak of the influence of 
physiology upon practical medicine as well as upon the status 
of the medical practitioner. 

Science V8, Practice. 

It may seem strange to the non-professional observer that 
there could be any possible question as to the general use of 
physiology. A man would hardly entrust his watch for re- 
pair to an operator who was not familiar with its mechanism 
and the manner of its work when in good working order, 
but there are those in the profession now, hard as it sounds, 
just as there were in Harvey's day, who believe, or affect to 
believe, that scientific investigation unfits a man for practice. 
John Aubrey, who was at Harvey's funeral and "helpt to 
carry him into the vault," writes: *'I have heard him 
(Harvey) say, that after his booke of the Circulation of the 
Blood came out, he fell mightily in his practice, and t'was 
believed by the vulgar that he was crack-brained ; and all 
the physitians were against his opinion and enoyed him. 
All his profession would allow him to be an excellent 
anatomist, but I never heard of any that admired his thera- 
peutique way. I knew several practitioners in this town 
(London) that would not have given 3d. for one of his bills 
(prescriptions), and that a man could hardly tell by one of 
his bills what he did aime at." We shall see shortly how 
much to be admired was the "therapeutique way" of 
Harvey's contemporaries. 

It is meet that we should consider these questions now 
while we stand on the threshold. If we can become fully 
convinced of the use of its study we shall enter with more 
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earnest zenl. Nothing so dampens enthuaiasm, so bnmpera I 
progress, aa doubt of the utility of tbe work. 

1 miglit, it I choae, content myself with merely pointing I 
to the distajvery of the circulation, the event which msrked | 
a new era in practieal medicine. The skeptic must shut hi 
eyes on this discovery before he can discuss the qnestioi 
at nil. 

la there any disease or accident incident to man in the 
recognition or treatment of . which we do not hold thia ele- 
ment in mind like lettcra of the alphabet in reading the 
page. Tuke coarser facta. Could any one diagnostieate 
the character of a valve disease of the heart without & j 
knowledge of the round of the circulation. Docs not the J 
treatment of wounded arteries or diseased, as in aneurism, by 
placing ligatures on the vesaeia between the heart and the 
accident or disease rest upon thia established course of the \ 
torrent of blood. "The active mind of John Hunter," st 
Mr. Hodgson, "goided by a deep insight into the powers 
the animal economy, substituted for a dangerous and i 
scientific operation, an improvement founded upon a ' 
knowledge of those laws which influence the circulating 
fluids and absorbent system ; and few of his brilliant 
discoveries have contributed more esaentially to the benefit 
of mankind." 

But I do not wiah to rely for our foundation simply upon ' 
the great corner atone. I would rather upon this occasion 
enter into some details that you may be impressed the 
Tnoro firmly, that rational practice is based on the dis- 
closures of physiology, that you may be convinced that the 
art of medicine, practice, is, or is fast becoming, but a, 
dependent upon its science, physiology. 

The Fallacy of Brperience. 

Before any knowledge was possessed of the physiological 
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action of medicines, disease could only be treated hj em- 
piricism. Experience waa tlie great physician. See iiow 
blindly esperienee worked. Suppose 1 should read you a 
few receipts from the prescription books of some of the 
notabilities of their times, times close about that of the 
diacorery of the circulation. It in the age of Shakesjieare, 
of Francis Bacon, luminuries so glorious in literature and 
philosophy that there is still no defalcation in the lustre of 
their rays. And who was the representativo man in medi- 
cine in tliat illustrious day? TheophriLstus Piiracetsus 
Bomhostua. A name which has become the Kynonim of the 
grossest chorlatany. He it was, who openly ridiculed all 
Bcientifia investigation, who publicly burned the works of 
Galen and Avicenna and boasted that he treated disease by 
Lis superior intuitive knowledge. Kaiwell, Greatrake, 
Digby, foremost men at this time, were thcosophic enthusiasts 
who regarded diseases as the consequence of ein and the 
work of demons. It was the age of conjury and witch- 
craft and priestcraft It was the period of the so-called 
ontological conception of diseaBc. Diseases were peculiar 
beings or things with special properties or powers which 
had to be exorcised or conjured away. This doctrine held 
Bway long after Harvey's day. It was only when the 
natural functions of organs had been fully described that 
the present physiological view, that diMiase proceeded from 
lesion of structure or function, was develo^ied. So in the 
olden time there were B[>ecial formulse for special diseases, 
BuUeyn prescribed for a young child, sufTcring with some 
nervous disease, "a small young mouse roasted." Sterne 
writes: "My physicians have almost poisoned me 
with what they call bouUloni rf/raichiaianlt. Tia a cock 
flayed alive and boiled with jioppy seeds, then pounded in 
D. mortar and afterwards passed through a sieve. There 
ia to be one craw-fish in it, and I was gravely told it must 
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be B mftle one ; a female would do me more hart than good.** ' 
Of one receipt, & regular Enlmsguitdi. from the Elizabethan 
age, iU author remarks: "To lell the virtues of this 
against eolda, phlegme, dropsy, heaviness of mind, coming 
of melancholy, Icaanatat this present, the excellent virtues 
thereof are such, and also the time were too long." Of 
another which contained gold and silver, Bapphirea and. 
peorlB, ■with spieca and varioUB perfumes : "This healeth. 
cold diBeaseB of ye brain, heart, etomach. It is a medicine 
proved against the tremblyings o£ the heart, fainting and 
swooning, the weaknesa of ye stomacke, pensive 
tatincsB, Kings and noble men have used this for their 
comfort. It ctuseth them to be bold-spirited, the body to 
smelt well and engendereth good colour." 

Even up to less than fifty years ago they bled patients 
for the cure of consumption. In the annalij of Louis XIV, 
two centuries ago, is an account of the illness with con- 
sumption of one of the principal ladies of the court. On 
consultation, the doctors bled her in the arm. Nest week 
they hied her again, this time in the temple. Strange to 
relate she was still worse on the following week, a 
consultation was more ansious still. Bui there wi 
sources in medicine in the days of the great emperor. The 
doctors bled her again, this time in the toe! They i 
bleil lier any more. 

Small-pox was treated in accordance with the doctrine of 
signatures. The Xmd covers were rrid to bring the pustules 
to the surface. The bed furniture and bed-hangings v 
all red, and red substances were to be looked upon by the 
patient. Tlie very drinks were red. John, of Oaddesden, 
physician to Edward If, directed his patients to be wrapped 
up in scarlet dres^ws ; and he says that when the son of the 
renowned King of England (Edward 11) lay sick of the 
small-pos I took care that every thing around the bed 
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should be of a red color, which succeeded so completely 
that the prince was restored to perfect health without a 
vestige of a pustule remaining. About the middle of the 
seventeenth century, the doctrine of signatures was sub- 
stituted by the system of expelling the peccant humors by 
the perspiration. We have a fine picture of this practice 
in the writings of Diemerbroeck, a Dutch physician and 
Professor. "Keep the patient," says Diemerbroeck, "in a 
chamber close shut. If it be winter let the air be cort'ected 
by large fires. Take care that no cold gets to the patient's 
bed. Cover him over with blankets. Red blankets have 
always been preferred — not that the color is material, but 
because in the times of our ancestors all the best, thickest 
and warmest blankets were dyed red. Never shift the 
patient's linen till after the fourteenth day, for fear of 
striking in the pock to the irrecoverable ruin of the patient. 
Far better it is to let the patient bear with the stench than 
to let him change his linen and thus be the cause of his own 
death. Nevertheless, if a change be absolutely necessary, 
be sure that he puts on the foul linen that he put off before 
he fell sick, and above all things, be sure that this semi-clean 
linen be well warmed. Sudorific expulsives are in the 
meantime, to be given plentifully, such as molasses, 
pearls and safiron." 

Fantastic and nauseous things were used in the treatment 
of disease, the raspings of a skull for epilepsy, lizards, the 
excretions, etc., ad navLseam, 

Opinions of Noted Men, 

Is it any wonder that the shrewd author of Tristam Shandy 
should express his opinion of medicine and medical men in 
the manner in which he spoke of his treatment at the hands 
of the physicians of his day : "I was ill of an epidemic vile 
fever," he writes, "which killed hundreds about me. The 
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ph^cianB here are the errantest charlatans in Europe or the 
most ignoraut of all pretending fools. I withdrew what was 
left of mo out of their hands and recommended myself en- 
tirely to Dame Nature. She (gentle goddess) has saved me 
in fifty different pinching houts, and I hogin to have a kind 
of enthusiaflm now in her favor, and in my own, that one or 
two more escapes will make me holievc 1 shall leave you all 
at last by translation, and not by death." Is it any wonder 
that a man of Shakespeare's penetration (Shakespeare had 
heen dead three years when Harvey announced his discovery) 
should depict for us hia Dr. Caius in the Merry Wives of 
Windsor as a, boisterous, blustering, ignorant knave, his Dr. 
Pinch in the Comedy of Errors as a poor fool wliosc beard is 
singed by an indignant patient, and whose sacred person is 
defiled by "great pails of puddled mire." Is it any wonder 
that he should t«ll his people, in another place, what to do 
with physic 1 

"Believe me," said Napoleon to Antomarclii, hisphysician 
at 6t. Helena, "we had better leave off all those remedies. 
Life is a fortress which neither yuu nor I know anything 
about, ^Vhy then throw obstacles in the way of its defense? 
Its own means are superior to nil the apparatus of your 
laboratories. Corvisart candidly agreed with mo that all 
your filthy mixtures are good for nothing. Medicine is a 
collection of uncertain prescriptions, the results of which, 
taken collectively, are more fatal than useful to mankind. 
Water, air, cleanliness, are the chief articles in my pharma- 
copeia." Moliero most keenly satirised the credulity of his 
time in medical matters when he wrote: "11 ne Jaut pa» 
movrir mm Tordonnaitce du mcdicin" (Let no one dare to die 
without drugs from the doctor). Poor MoHere fell upon 
the stage suffocftted with hemoptysis, in the midst of his 
bitterest tirade against medical men. Wiiereupon an old 
pliysiciau remarked : "FaUct dei comedies contre nous si vtnu 
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vovlez; mais la mkdedne vous defend de les joucr sous peine de 
la v/e." 

The Royal Touch. 

Who has not heard of the glory and the grandeur of the 
reign of Louis XIV ? How few of us know of the abject 
misery and horrible disease which all this glory and grandeur 
cost. History is full of its pomp and its ceremony. Let us 
read but one page of its ignorance and credulity. 

The day is Sunday in early spring, Easter Sunday, 1686. 
The grand monarch is on the throne. Around him are the 
tapestries and clothes of gold, the rich hangings, the polished 
floors, mosaics, marbles, gold and precious stones. About 
him ^tand obsequeoUs countiers. Behold the King by the 
grace of God I 

One thousand six hundred miserable wretches are crowded 
together outside the door. These are not subjects come to 
do homage at the foot of the throne. They are the maimed 
of limb, the blear eyed,' the ulcerated. Shakespeare saw a 
crowd once like them ; they were, he says, "strangely visited 
people, all swol'n and ulcerous, pitiful to the eye, the mere 
despair of surgery." They are come to the King to be 
touched for the King's evil, to be cured by being touched. 
What a picture this for the artist ; the might and the splen- 
dor of majesty on the one hand, the loathsomeness and the 
degradation of disease on the other! 

Touching for the King's evil was not confined to France. 
The numbers subjected to it during the reign of Charles II 
were almost incredible. The King had more patients, it was 
said, than all the physicians of his realm. The eagerness to 
obtain tickets of entry was such that^ in Evilyn's diary, 
March 28, 1684, it is written : "There was so great a con- 
course of people, men, women and children, to be touched 
for the evil that six or seven were crushed to death at the 
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door. Tet, according tostatiatips, more people diedofticrofnla 
in this reign than in any other period, probably from neg- 
leet of all proper treatment. March 30, 1714, Queen Anne 
touched 200 persons, among whom was the celebrated lexi< 
cographer, Dr.- Samuel Johnson, the moat remarkable ex- 
ample, perhaps, of the utter failure of the cure. Yet Jeremy 
CoUler, in his EcclesiaBtieol History of Great Britain, speak- 
ing of the many virtues and miraculous powers of Edward 
II, suys "that this prince cured the King's evil is beyond 
dispute. Ho not only cured it, but transmitted the power 
of doing so as a hereditary miraeic to all hia suecessors. To 
dispute tbismatter of fact," he continues, "is logo theexce^ 
of skepticism, to deny our senses and be inereduioua even to 
ridiculousness." 

This author tells us of a Koman Catholic thus cured by 
Queen Elizabeth, who said, on being asked about it, that "Lc 
wiia now satisfied by exjierimental proof that the Pope's 
excommunication oi her majesty signified nothing, since sho 
still continued blessed with so mir.iculous a quality" (Petti- • 
grew). This was the testimony of a learned man of bis day. 
Where is tliere now such a fool as to believe in the value of 
a royal touch ? 

The Caul. 

One of the most ridiculous, though perfectly innocent, of 
medical superstitions, which is worthy of mention bccauso i 
it is still cherished by the illiterate everywhere, is connected 
with the fragment of membrane sometimes bom over a 
child's face, commonly known as a caul. This supcrstitiou 
]iaa existed from tlie earliest times and the various imaginary 
virtues attributed to it have differed with every time ani 
place. It is mentioned in the fourth century by Aeliu 
L.impidius in Lis life of the Emperor Antoninus, Majolu 
attributes to the Bomon lawyers the belief that the posesiou 
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of a child's caul would make them eloquent and triumphant. 
It is spoken of by St. Chrysostom. In France it is an old 
superstition. Etre n^ coiffh, "to be bom with a caul/' has 
always been considered a favorable omen. In Scotland it is 
called the holy hood. It is stated by Grose, that a person 
possessed of a caul, may know the state of health of the 
party who was born with it ; if alive and well, it is firm and 
crisp ; if dead or sick, relaxed and flaccid. In former days, 
the caul was the perquisite of the midwife who often traded 
upon the privileges it was supposed to confer upon tho 
owner as a charm against drowning. As much as $150.00 
has been paid for a caul. The London TimeSy of May 8, 
1848, contained the following: "For sale, a child's caul. 
Price six guineas. Apply at the bar of the Tower Shades, 
Tower Street, London. The above article, for which fifteen 
pounds was originally paid, was afloat with its late owner 
thirty years, in all the perils of a seaman's life and the 
owner died at last at the place of his birth." A child's caul 
was advertised for sale in the Bristol Times and Mirror ^ 
September 30, 1874. The irrepressible Hood seems to have 
been fully aware of the popular recognition of its value 
which he combats in the tragic event which subsequently 
happened to its possessor. 

**But still that jolly mariner 
Took in no reef at all, 
For in his pouch confidingly 
He wore a baby's caul." 

Contributions of Physiology, 

Look with what tenacity the physicians of the empiric 
school clung to venesection. Long after they dared not 
practise it they persisted in preaching it still. Centuries 
upon centuries they put mercury into a man in whatever 
disease of the liver, blind to the fact that notwithstanding 
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its administration for months in specific disease it in no may 1 
influenced the hepatic functions. And now it turns out 
that file liver after all waa not the organ afTected in olmosl I 
all (he cases. Scarce two teachers of materia mcdiin taught I 
the »ame action upon the heart under digitalis. Why? [ 
Because eafh gave his own experience. When regular 
physiological experimentation was commenced, it WS3 not | 
long.before it was decided that it had only one action 
caaea, namely, to increase the force of the heart's action, to 
diminish the frequency of its pulsationa and restore its 
regular rythm. Let the most prejudiced oheerver read up : 
the action ascribed to alcohol in fevers in different works ou 
practice before the physiologist put it uncbangenbty down, i 
Here it is advised to push it to the utmost ; here to refrain ' 
from it altogether. Each man spoke from his own expert- I 
cnce. Comes the physiologist with his thermometer. Alco- 
liol lowers the temperature id the result of his experimenta- 
tion, and the indication for its use is established. The 
surgeon used to cut and cut out the facial nerve, leave tho 
face ]jaralysed and deformed for facial neuralgia (tic 
douloureux) until tho physiologist taught liim that the 
facial was a nerve of motion, to the trigeminal he must look 
in disturbances of sensation. And tlien he would cut out 
this nerve down to its escape from the skull, excise the 
ganglion of Meckel, until he was again taught by the physi- 
ologist tliat this ganglion was only a reinforcing orgau of 
the sympathetic system, and its ablation couid in no way 
permanently cure the disease. 

"The dangeroua disease, to whieli many children have 
fallen victims, laryngismus stridulus, although admirably 
described by practical physicians, was never properly under- 
stood until tho functions of the laryngeal nerves were 
clearly ascertained and until it had been shown that spiia- 
modtc actions may be excited by irritation of a remote part 
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or through a stimulus reflected from the nervous centre. It 
is now known that this disease has not its seat in the larynx 
where those spasms occur which excite so much alarm for 
the fate of the patient; but that it is an irritation of a 
distant part, which derives its nerves from the same region 
of the cerebro-spinal centres as does the larynx — that the 
afferent nerves of that part convey the irritation to the 
centre whence it is reflected by certain efferent nerves to the 
muscles of the larynx." Do not these remarks bear with 
equal propriety upon epilepsy, chorea, hysteria and a host 
of kindred affections dependent in many cases upon reflex 
stimulus, a factor whose paramount importance is only rec- 
ognised since the labors of the physiologists who first pro- 
claimed it. How much advanced would we stand to-day in 
the management of gynaecological diseases beyond the time 
when the bloody issue was treated by touch, as in the New 
Testament, were it not for our knowledge of ovulation and 
its necessary consequence, as discovered and developed solely 
by physiological investigations. And in ophthalmology, that 
department which Virchow characterised in a late address 
before the British Medical Association as ''that branch of 
medical science which has now reached the highest degree 
of scientific surety," how sensibly has treatment developed 
under the physiological investigations into the functions of 
different parts of the eye. Helmholtz, as is well known, and 
GraBfe, forsook all other studies to work up the physiology 
of vision, and to these two observers, more than all others, 
are we indebted for the "scientific surety" which charac- 
terises practical ophthalmology. So I might continue for 
an hour and yet fail to enumerate the direct contributions 
of physiology to practical medicine within the past few 
years. 

But if I should desire to put physiology in its proper light 
I should have to look out beyond the mere technical details 
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whole social status o£ the physician. Even us late as the 16th i 
century an apprentice would not be accepted in auy of the i 
mechanical arts unless he could prove that he was not the 
child of a butcher, eseculioner or a bleeder. The following 
old tinie advertisement clipped froma paper of Shakespeare's 
day thoroughly establiahea the position of the every-day 
practitioner at that period ; "Wanted. — In a family who , 
have had' bad health, a sober steady person in the capacity J 
of doctor, surgeon and man mid-wife. He niuatoecaaionally I 
act as butler and dress hair and wigs. He will be required I 
Bometimea to read prayera and to preach a sermon i 
Sunday, A good salary will be giveu." The aii 
dramatist, if he would reflect the sentiment of the people, ( 
exhibits the doctor in a r61e very different from the old I 
time cunning knave or ignorant charlatan. A jnodera I 
roTelisflcarcelypcrfectwithout a modem medical character. I 
IVitness, more especially, the best works of Bulwei 
George Eliot. The chord so feelingly struck by the master | 
hand of Lever has responded fu.ll and as feelingly to the I 
magic touches of Dickens and Thackery. The physician ia I 
called, like Haller, to the chief position among the chairs of f 
state. Hiu profession is recognised by the highest civil I 
authorities. Said Mr, Gladstone in a recent response : 
speaking of the body of the profession, even as an observer I 
from without, it is impossible for us not to notice the change, I 
it is impossible for us not to see how far more strongly now 1 
than of old, the medical mau of to-day conforms to thoee I 
general laws of common sense and prudence, which ore, after I 
all, universal laws of human lite in every one of its depart- J 
ments. It is impoasihle not to sec his greater and i 
sustained earnestness of purpose, that elevated sense of I 
the professional dignity, that desire to make it subservient 1 
to tike good of humanity, that general exaltation of his aims I 
ia the exercise of bis profesiuon." 
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And what is it tlint hoa thus lifted up the dmract^r of 
the pbyaiciaa in the eyes of hia feilow-men T It is beciiuae 
the modem scieuca of medicine is supported by tlie s;iino 
kind of evidence as aay other science. ETiJence which 
may he eifted by instrufflents of preciHion, evidence which 
is tangible, denionatrablB, indisputable. Such evidence is 
plain to the common understanding in whatever pursuit of 
life. It is evidence, to repeat the language of the dis- 
tinguished statesman just cited, which conforms to those 
general laws of common itenso, after all, the universal laws 
of human life in every one of. its departments. 

I do not know how I could better exhibit the influence 
of the stody of physiology than by a very brief narration 
of some of the principal incidents in the lives of the two 
greatest of physiologists, Harvey and Haller, already 
cited. With both phyaiology was a life study. Each is 
known in medical history aa having contributed a discovery 
by means of which we are chieBy guided in the treats 
meut of disease; Harvey's, the circulation; nailer's, the 
knowledge that disease depends on lesion of structure or 
function. 

William Hanvfj.— 1578-1658. 

Harvey was the oldest in a family of nine children. His 
parents belonged to the respectable middle class of society, 
that class from which has emanated, aa is statistically 
proven, the greatest numlxsr of great men. With the rest 
of the family, he had that kind of training, which instiht 
those virtues ia childhood life, obedience an<l respect to 
authority and order, so characteristic of the English race, 
and without which eicellenco can be attained in no pursuit 
in life. With these trails, industry. That was all. Bub 
that is always enough. After leaving Cambridge, ut the age 
«f 21, he went to Padua to study under the great Fabriciui, 
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who gave him the first clue to his discovery Ly sho^ 
him Llie valves in the veine. What were these valves for? 
It wax no liiish of in^piriLtiun that answered this question 
fur Hurvey. It was solved, aa lius heen stated, only after 
twenty yearn of patient, earnest toil. It was only the fact , 
of his reputation as a worker that itecared him any recogni- ' 
tion at all nt first, fiat there was a charm in Harvey's 
Mfttemimts that could not fail to win him followers. It waa 
tlioextnimcniodeaty which characterises every line. When 
lio could, he would support the opiuiana of tho^ who had 
pru'Vided him. When the truth forced him to differ, he 
did BO, but with a delicacy the moat sen 
array of proof that could leave no doubt of the correctness J 
of his views. There have been to this day no correetions I 
to make in Harvey's work, and there never since has been f 
written a description of the circulation so comprehei 
80 terse, HO vivid. He was a worker so indefatigable and I 
his works were so full of reaulta that be soon acquired 
fume. The work of an earnest man isa synunim with fame. I 
Ho was made a physieiMi nt St. Barlholomew's, a boy but , 
20 years of age. He was only 37 — that was a youthful ago ' 
in his day— when he was appoiutcd professor of anatomy 
aiid surgery, and it was but a few years later that he 
became body physician to Cbarles I. He lived a life of the 
greatest simplicity and aelf-denial ; Michael Angelo not 
niore so. Mueh of his time he spent in perfect retirement 
with one or other of his brotlierB at their village homes. 
Ho declined tlic high honor of the presidency of the College 
of Phyiiicinna, though they succeeded in persuading him to 
allow bis bust to be cast. At the age of 80, writes Uaeaer, 
tbe historian, he closed a life which had not been less 
glorious by the magnitude of his scientific tabors than by 
his most rigid sense of justice, his esceeding gealleneas 
ftud amialulity of cbaxacler and modesty of a 
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June 3, 1658, he died," said Spengel, our greatest historian, 
"but he left ii name which is immortal. It is a name which 
posterity the most distant will never pronounce without 
experiencing a sentiment of veneration and of gratitude. 
It will shine with equal lustre with those of Aristotle, 
Fallopiua and Haller. His industry, his prudence and his 
rare modesty, make of his character, eternally, a model, the 
most noble, for the naturalists, for the writers of all peoples 
and times." 

Albert Edller,— 170^1777 . 

The most cultivated physician and the greatest naturalist 
of Ifis age was Albert Haller, of Berne. His advent upon 
the theatre of action is characterised as the illumination of 
a meridian sun upon the obscure dawn of day. Haller was 
of patrician parents, but it was no misfortune to him, as is 
the rule, and his subsequent career in the face of the tempta- 
tions besetting wealth affords an illustrious example of the 
manner in which money may be made subservient to the 
higher purposes of life. A puny, delicate, rachitic boy, he 
could not be kept away from books. It is said of him that 
up to the age of nine years he had read over two thousand 
biographies. When his father died, his education was com- 
mitted to a priest who attempted to force his studies in the 
direction of theology with the intention of making him 
wear the robes. But Haller loved the teachings of naturt 
better than the wisdom of man, and the time which should 
have been devoted to clerical studies was spent among the 
flowers. He was only 15 years old, when he commenced the 
study of medicine at Tubingen. All the anatomy he could 
learn here was from dissections of the dog. The fame of 
Boerhaave and Albinus drew him to Leydcn. Here he 
became such a favorite with his teachers that Albinus would 
permit him to dissect on one side of the body while he 



worked on the otlier. At 10, be gruduated and commenced 
his travels. He waa the student of Douglas, in London, in 
fvliom he inspired sueh confidence tliat he uiiide Ualler 
promise to help him in hia investigatious iuto the develop- 
ment of bone. The eame restlesa, knowledge seeking spirit 
carried him next to Furls, where liis enthusiasm is saJd to 
have l>een kindled to such a pitdi under tho teachings of 
le Dran and Winslow, that he stole a bod; from the gravo 
for material upon which to work. He had to leave Paris to 
escape puDisbment aiid next we find him in Basel, at the 
age of twenty, teaching anatomy to the students. In 1736, 
he was now 28, he was elected profesiior of anatomy and 
surgery at the newly established university of Giittiagen. 
Proud of ao early a recognition of his talents, he labored for 
the success of this intttiiutiun until students streamed in to 
the youDg college from all parts of Europe. He was now 
teaching anatomy, surgery and botany. A regular chair of 
physiology had not yet been established. Besides these 
labors, he kept up his work iu natural history, wrote a great 
number of literary papers and occupied what leisure waa 
stilt left in composing poetry. At the age of 40 he was so 
completely broken down that he had to retire from all active 
duties. We form some idea of his "iron industry, his almost 
incredible memory, his profound culture in alJ the hrauchea 
of human knowledge" by the story which has come down to 
us that no one of his G6ttingen colleagues ever ventured to 
Tisit him without a formal preparation upon the theme to 
be made the subject of conversation. He is said to have 
written 12,000 reviews! And yet he never left a letter 
unanswered. According to all testimony, there was never ia 
medicine a laborer so untiring. Rudolphi naively remarka 
in the preface to his own work on physiology ; "If you should 
ask all the authors of works on physiology, which book they 
considered the best, it could not be thought strange if each 
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one would reply, his own. But if you should go further 
and ask each one what book he considered next best, I am 
convinced that every one without exception would name 
Haller^s. And surely," Kudolphi continues, "what seems 
to all the second best must be in reality the first." 

Besides this, his greatest work, Haller was the author of 
three distinct bibliographies, of anatomy, surgery and prac- 
tical medicine, which have been characterised as "monu- 
ments of his incredible literary activity, which stand isolated 
in medical literature, and will remain for all time as inex- 
haustible sources of information to the medical historian." 
Colin, in his Comparative Physiology, called Haller ^^Vhomme 
des/aitSf Fhomme de V observation et des experiences ; son osuvre 
est le point de depart de toute la physiologic modeme. Cru veil- 
hier spoke of it as "full of discoveries." His original in- 
vestigations were so numerous and so valuable, as to justly 
entitle him to the place assigned him by posterity as the 
^'Founder of Modern Physiology." The latter part of his 
life he spent at Berne in the exercise of the highest civic 
powers in the state, though even here he found leisure to 
prosecute his favorite scientific and literary pursuits. The 
sculpture on the pillar of fame in history has chiseled his 
name beside that of Aristotle and Goethe and Humboldt. 

Charcu^eristics of Physiologists, 

And what then were the characteristics of these two great 
physiologists? They were cautious men. Harvey proved 
his study twenty years before he preached it. Haller made 
109 experiments before he published his discovery of the 
independent irritability of muscle. They were truthful 
men. The bitter opposition of their contemporaries, the 
experimentation of all posterity, have never shaken the facts 
they advanced. They were simple "men ; in all their tastes 
and habits; among other things it is recorded of both, they 
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■were men of gentle deportment. Above all, they i 
working iiicii. And if the qucslion were nsked as to 
influence of the study of physiology on tlie character of tl 
physician, there could be no more lilting a 
reference to the lives of men who have drifted into it as ttf 
life Htudy because of tlieir natural adaptability to JL 

One point more. Phyriology offers to the phyeidan s-l 
present refuge in time of trial. Tlie vicissitudes of practice', f 
the rancor of rivals, the unceasing combat against prejudico 1 
and ignorance and superstition make life a burden at times I 
even where envy marks it a great success. It is in darlc: J 
hours like these, and who but knows them, that the physi-J 
cian may turn to the study of physiology. No man of the 1 
iTOrld, no man of other profession than natural science, may I 
ever know or be able to understand the peace, in the way of! 
fresh inspiration for future work, which nature offers atfl 
the foot of her altars. The chief reward of every kind of ^ 
mental work — higher than either wealth or fame — is itt] 
effect upon the character. The study of medicine is pe- J 
culiarly excellent in developing the mental faculties. Hav- f 
ing elements in it belonging to both literature and » 
the bride and' her spou)« in modem education — it moBtfl 
happily blends the virtues and balances the faults, pertain^f 
ing to a purely literary or a purely scientific pursuit. 

I should fait short of the high purpose of our o 
cation, to-night, should I fail to impress upon you dearlyJ 
the trial which science demands at your hands before she will 1 
adorn you with the stamp of her nobility. It is the trial I 
of work, the chief characteristic, as you have seen, in t^e ' 
lives ot our eminent men ; work with the «acnfice of self; 
" work which is only stimulated to higher efforts by the! 
achievements of others ; work with something, at least, of a 
tliat feeling in the breast of Themistocles — a poor illegiti- j 
mate boy — Buler of Athena he betame — who \ 
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fsorrowful and distressed amidst the general rejoicing over 
the great victory at Marathon. And when they asked him 
why his eyes were red with weeping and why he walked 
the streets with disheveled hair, he made them that reply 
which foretold his future success : "It was the trophies of 
Miltiades that would not let him sleep." 
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THE CONSERVATION OF FORCE. 

CONTENTS. 

The Alphabet of Science — ^Indestructibility of Matter— No Matter with* 
ont Force— Solar Origin of Heat of Coal—Correlation of Forces- 
Machinery, a Means of Changing Force — Clocks, "Water-Wheels, 
Winds, Windmills and Steam Engines— The Equivalence of the 
Forces — ^Tho Conservatory of Arts and Trades — Motion from Heat — 
Motion from Electricity — The Electric Light— The JSun as the Source 
of Power — Source of Solar Force — ^The Nebular Hypothesis— The 
Channel of Mt. Pilatus — ^The Perpetxnty of Force — Physiological 
Force — Excretions, the Products of Combustion — Animal Bodies as 
Machines — The Force Value of Foods — Physiological, Correlative 
with Physical Force. 

Within the past quarter of a century has been generally 
promulgated one of those fundamental principles or laws in 
natural science which, like that of gravitation or of ter- 
restrial revolution, marks a most memorable epoch in its 
history. What especially distinguishes this law and lifts it 
to a plane above all other laws of nature, is the fact that it 
spans, in its giant grasp, every order of existence. It 
reduces to shape and order the primitive chaos of the uni- 
verse, governs the movements of the heavenly bodies thus 
created, generates the various forms of the mighty forces 
about UB, and, while engaged in this stupendous work, con- 
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cerns itself no less with tho inaignificant phenomena of life I 
upon our insignificant globe ; ' swinging systems of planeta 
in their spheres, upon the ono haiid, and, on tho other, 
springing flowers from the hosom of the earth. I need 
hardly say that thia law, which baa been announced as the 
primal law oi all scicnee, aud which has been characterised 
by Faraday as the highest law in physical science tUat our 
faculties permit ua tox*rceive, is tholawof the Conservation 
and Correlation of Force. That h, it is tho law which has 
demonstrated that force, as well as matter, is indestructible, 
however much its form may change, and which has proven, 
that all the forces, light, heat, electricity, motion, etc., may 
be converted, the one into the other, quantity for quantity, 
in exact equivalents, no force being ever created anew and 
no force being ever lost 

We ijhall study thiii law to-night more especially in its 
bearing upon human life, and shall try t# make it plain 
that what is known as life, or vital force, is only part of the 
general store of force in the universe, borrowed for the time 
being from other phytiicid forces and being continually but- i 
rendered again in the various phenomena of life, as in heat, 
motion, secretion, reproduction, intellection, etc. 
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It i! 



ire than a century ago that it waa known 
among men of science that matter is indestructible. When 
wo speak of the destruction of matter, we retersimply to 
the form of the matter. For instance, we say matter is 
destroyed by fire. But when we come to analyse the pro- 
ducts of combustion, we find in the smoke, the gases and 
the ash precisely tho sanio elements as before. Wo pro- 
ceed to weigh these various products in delicate scales t* 
discover only pounds and ounces and grains, just the sami 
as before. Fire has only changed the form. Bo when W3 i 
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speak of organic matter suffering destruction by decay, we 
refer again simply to the form. The water, the salts, the 
gases of decomposition, weigh exactly the same, are in 
elementary construction, in every particular, just the same 
as before. Putrefaction has only changed the form. 

And so, too, of creation. We justly boast of our manu- 
factured products. But no ingenuity of man has ev^ suc- 
ceeded in creating matter anew. Ex nihilo nihil fit Anni- 
hilation of matter, creation of matter are alike impossible 
and unknown. 

Now it is discovered that there is 

iVb Matter without Force, 

The force may not be always apparent, that is, it is not 
always in active operation, but we have^ simply to change 
the condition of matter to awaken and make manifest its 
silent force. Force in operation is known as actual force ; 
that which is silent, at rest, so to speak, or latent, is 
known as potential force. The arrow speeding in its flight 
or striking its target represents actual force, while the bent 
bow, unsprung, represents latent or potential force. The 
force in the bow is stored up muscular force to be set free, 
it may be at once, or it may be after years. Plants now 
living contain recently stored latent or potential force, 
while coal fields are vast magazines of force stored up ages 
ago. 

Solar Origin of Heat, 

George Stephenson, the celebrated engineer, long ago con- 
ceived the happy idea, as he sat by his hearth, that the light 
and heat of the burning coal in his grate originally came 
from the sun. This thought, which seemed at the time to 
be as visionary as a poet's dream, is now known to be true. 
Every one knows that coal is a product of vegetable life. 
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A freah fracture often reveals upon ita surface the outlines 
of sterna and brandies and leavui with such distinctDesa aa 
to enable the botaniat to specify the particular plant which 
haa formeil tbe specimen of coal. Vegetation of nil kinds 
develops only under the light and heat of the sun. Veget- 
able, seeds imbedded in clean sand and moistened with. 
water containing only mineral matters in solution, germinate 
and develop lata plants containing a large amoanlof starch. 
The simple process is as follows: 

Carbonic Add Gas. Watff. Oiygcti. Starch. 

Cb 0,2 + H|o O5 — Oil = CflH,oO[,. 
The light and heatof Che aun, entering tlic subaCance of the I 
plant, dislodge a certain amount of oxygen gas that the 
atoms of the inorganic compounda may rearrange themselves ] 
to form organic matter. Starch is the first organic principle 
of the plant. The sugar, celiulose and other ingredients 
are easily developed by the addition or change of equivalenta 
of water. Thus : 



Thus, then, is built up the plant, the tree, vast forests of J 
which covered the earth in primeval times to become sub- I 
sequently submei^ed and converted into coal. In burning J 
coal we simply releaae from it the locked up heat of the 
Bun. The heat and light we enjoy to-night came down 
from the sun thouaanda of yeara before man put in hia pres- 
ence upon earth. 

No force is ever lost. It may be changed as to its dire<> 
tion or changed as to ita character, but in some form or 
other it perpetually reappears. Bo all the afTections or con- 
ditions of matter, heat, light, electricity, chemical affinity, 
motion, etc., are mutually convertible. Neither can be 
said, strictly speaking, to be the cause of the other, but 
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either may be converted into the other : "it heing an irre- 
sistible iufcreucQ from observed phenomcoa that a, force 
cuDDDl originate utherwiiw! thun by devuludon from some 
preexisting force," It is, therefore, not right to Bay that 
Buy one force is the cauae of all the rest. One writer, for 
instance, claims electricity as the primal cause; another, 
chemiual action ; a third, heat ! but the true eipreasion of 
the fact is, that each mode of force is capable of producing 
the others, and that any one of them can be produced by * 
Any other. 

Machinery a Means of Changing Force. 

We may best exemplify the couveraioti and correlation 
of force by the transmutations which take place in various 
kinds of machinery. In fact, machinery is only a means 
of elTecting change in the farm of force. Thus in 
our clocks, the wheels which sweep the hands around the 
dial plates are revolved by sinking weights. When the 
weights reach the floor of the clock the wheels cease to 
move. In other worJs, the force of gravity ceases to act. 
We must flr^t raise the weights, or, in the case of a wateh, 
give tension to the springs, before the wheels will run. This 
ia accomplished in the winding up. The individual who 
winds the clock simply trannfere power from his muscular 
force and prociiwly so much as is thus transferred is again 
Burrendered in the ensuing twenty-four hours. The wheel 
work of the clock, in measuring out time, creates or exhibits, 
therefore, no new force ; it simply distributes a borrowed 
force over a longer period of time. The borrowed force 
is that of the muscle, which reeeivea it, in turn, from food 
coi^ining, latent, the original force from the sun. 

We stand in admiration before the majestic revolutions 
of a gigantic water wheel, whose force is distantly conducted 
to iotiicsto mavhinery, constructed to minister to the wouta 
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of mau. Ilroad belts here and there take off some of 'Uie 
forra for widely different purpose. The antecedent force is i 
gravitation, wliich causes ilie fall of the water. The furco 1 
behind graTitatinii waa that which lifted the water to il 
higher level. What i» this force but the heat of the bi 
■which haa raised the vapor of the sea to the cloudR, wfaen 
it hail fallen in rain, tu form brouifs and rivulets, ever 
widening atreama, the force of whose fall (gravity) may be I 
used in running mills. 

The swiftly sailing vessels cleaving the breast of theJ 
watersunderlhercaistlessforceof the windisnolessiDdebt«(t I 
'to the heat of the snn, the unequal distribution of which .| 
creates the currents of air nnd the tides. It i: 
force of the wind, produced by precisely the same cause, J 
which, by means of windmills, lifts whole lakea of water I 
from inundated lands. 

The most powerful, and the most widely varied, of all \ 
our machines, the steam engine, is just as distinctly, though, 1 
not so directly, driven by the heat of the sun. For, first I 
of ail, we make use of artificial heat. This heat is tho I 
result of chemical force, the union of oxygen and carbon, J 
t. e., coal, which contains in it, latent, the original heat of 1 
the sun. This chemical force produces heat, which is coiw | 
verted into motion, which is, in turn, again converted intO'i 
heat at the axles of the wheels. A locomotive haa there-. J 
fore been likened to a kind of distilling apparatus, which I 
takes heat into it^ big retort, the boiler, converts it into I 
motion and reconverts the motion into heat at the axles of ' 
the wheels. 

The EquimUnee of the Forea. 

What especially contributed to establish tho doctrine ti 
the conservation of force, wad not so much the discovery tl 
one force could be converted into another, hut that c 
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force, or one form of force, coulrl bo converted into another, 
quantity for (juantity, in esact cquivaicnta. Tliougli tlie 
cuiiatanc; of the forces waa firEt formally announced by 
Grove before the London Institution in 1S42, it did not 
receive general at^ocptanee until Uiiyer autl Helmholtz, of 
Germany, and more especially Joule, of Engliind, had 
succeeded in establisUiag the rquivalenM ut various kinds 
of force, that is, the amount of one kind, or form of ferce, 
necessary to produce u eertalu amount of another kind of 
force. The correlation, or convertibility of force, is thus 
baaed upon the conclusion that the whole amount of force 
a the entire univertu is always the Ramc. It may change 
its form continually, but it may never change its total 
n. Joule first diBCovered the equivaJent of beat to 
mechanical force. The quantity of heat sufficient to raise 
the temperature of a pound of water one ticgroo in tempera- 
ture would, when properly applied, raise a pound of water 
772 feet high. One degree of heat is, therefore, equivalent 
to the mechanical force represented in an elevation of 772 
feet. This constant relation between heat and mechanical 
force has been confirmed in the most varied manner and 
the law thus eatabliahed has proven of the highest im- 
portance in practical adaptation to mechanics. 

As every form of steam engine U an illustration of the 
convertibility of heat iuto motion, it ivould seem needless 
to cite further proof, but I may not refrain from mention- 
ing the curious application of the law recorded by Licbig in 
his article on the Connection and Equivalence of Forces in 
the case of the 

Conaen'aloire dea Arts el dea Mtiicrg, 

in Paris. In this building, which wns formerly a convent, 
the nave of the church was converted into a nuiteum for 
industrial products, machines and implements. In its arch, 



traversing iia wholo length, appenreJ a erack, whidi 1 
gradually iiit;reii!<cil to tho widtlt of several inches and j 
permitt«il the paasago of rain aod enow. There vett, ' 
doubtless, not wantiug individiiala at this time who looked 
upon this threatened destruction of the building as a sign of 
Divine vengeance Cor itadeitcc ration. Tbcopcntngcouldhave 
been easily cloaed by stone and lime, but tho further 
yielding of the side walls would not have been thna 
prevented. Tho whole building was on the point of being- J 
pulled down when a natural philosopher appeared o 
Bceno and proposed a plan which finally saved the building. 
A number of strong iron rodi were firmly fixed at one end 
to a side wall of the navo and after passing through Uie 
opposite wall were provided on the outside with large n 
which were screwed up tightly to the wall. The nuts w 
now tight, but no force was sufficient to move tho wall^l 
a line. So then the rods wcro heated with burning strair^n 
whereupon they extended in length. The nuts were tlioa 
removed seteral inches from the wall and were now again 
screwed upfurtheron to the thread and tight to the wall. The 
rods, on cooling, contracted with enormous force and made 
the aide walls approach. By repeating this operation the 
crack entirely disappeared. The building, with its retaining 
rods, is still in existence, a monument to the triumph of a 
natural philosopher over the supposed act of vengeance of an 
ofTended Deity. 

Even tho savogcH knew how to transform 

Motion into Heat 

by the friction of two pieces oE wood or by striking a flint. 
A skillful blacksmith can render an iron rod red hot by 
hammering. The axles of our carriages have to be greased 
to lessen the heat of friction. In some factories where a 
surplus of water-power ia at hand, this surplus is applied to 
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cause a strong iron plate to revolve swiftly upon another, 
so that they become strongly heated by the friction. The 
heat so obtained warms the room and thus is secured a stove 
without the expense of fuel. 
An example of 

Motion from Electricity 

we have proclaimed from our watch towers every day at 
noon, or on the occasion of every fire. Electricity is con- 
verted into the niotion of the hammer which falls upon the 
bell. This electricity itself is the product of chemical action, 
that between zinc and acids at work in a few glass cups. 
Almost any chemical action, as the oxidation of metals, or 
the burning of combustibles, the combination of oxygen 
and hydrogen, develops electricity. There is little doubt 
that the time will soon come when we will be able to realise 
as electricity the whole of the chemical force, which is active 
in the combustion of cheap and abundant fuel, such as coal 
and wood and fat, and thus ^'secure a mechanical power in 
every respect superior to its applicability to the steam 
engine." 
Even now we <ft>uvert 

Electricity into Light, 

whose brilliance over that from every other artificial source 
is a promise of the power we shall one day possess in every 
field of mechanics. Let us trace up the transformations of 
force now necessary to secure a powerful electric light. First, 
light, the result of electricity, produced by magnetism, in 
turn developed by the mechanical force of steam, which 
force is a transformed chemical force evolved in the com- 
bustion of fuel, containing in it, latent, the original light of 
the sun. ' 

In every caae we finally block up at the* sun. 
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The Sun is the UltimaU Settnx 

of all the force manifeat upon the curtU. With the except* 
lion of the tidal force, partly caused by the attraction of the 
moon and which, though in some isolated cases it is Titilised 
to run a few milla, must, nevertheless, be regarded as tho 
eurth'n greatest foe, because it is insidiously checking up the 
velocity of our rotation, with the inevitable effect of finally 
plunging us into the sun, with this exception, all terrestrial 
force emanates from the sun. But the sun la bo vast, its 
resources are so enornioua, that it can feed our whole plane- 
tary Hystein and still irradiate infinite heat into interstellar 
space. The surface of the sun measures 11JJ,000 millions of 
square miles and its ma£s is 350,000 times greater than that 
of the earth. The amount of heat aid light emanating 
from the sun b sufficient to account for all the force of 
whatever form, manifest upon the earth. According to the 
pyrheliometric measurements of Fuuillet, three or four 
equivalents of heat are received upon every square foot of 
the earth under )>erpcndicular raysof the sun. The amount 
received daily is equivalent to that engendered in the con- 
sumption of five billions tons of stone coal, which is again 
equal to sixty-sis billions horse-power every hour. If the 
entire quantity of solar heat received in a year were uni- 
formly distributed over the whole surface of the earth, it 
would suffice to melt a universal layer of ice one hundred 
feet thick or bring from the freezing to the boiling point an 
ocean covering the earth to the depth of fifteen miles. In 
every second of time the sun irradiates into space as mueh_ 
heat as would result from the combustion of eleven thousand 
>^ix hundred billions of tons of stone coal. We are told aa 
an easily remembered relation, that each portion of the sun's 
surface, as largeasourcartli, cmitsas much licat, per second, 
as would result from tbe combustion of a billion tons of coal. 
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whence it is calculated that if its whole mass consisted of 
coal and could burn right out to the last ton, maintaining 
till then the present rate of emission, the supply would last 
five thousand years. The small pencil of rays which the 
earth intercepts at a distance of ninety-three millions of 
miles is only the one-twenty-three-hundred-millionth part 
of all the heat irradiated from the sun. This heat at the 
surface of the sun is so intense as to volatilise iron and other 
metals, which we are unable by any known method of 
application to reduce to a gaseous state upon the earth. 
The enormous quantity and intensity of heat from the sua 
can only be fully comprehended by some familiar illustra- 
tion of its magnitude. As Helmholtz has put it : '^Its diame- 
ter is so great that if you suppose the earth to be put into 
the centre of the sun, the sun itself being like a hollow 
sphere, and the moon going about the earth at its distance 
from it of 238,000 miles, there would still be a space of 
more than 200,000 miles around the orbit of the moon, lying 
all interior to the surface of the sun." The heat and light 
from such a vast source of power are thus infinitely more 
than sufficient to account for every form of force upon 
earth without the necessity of any local genesis. 

But under the doctrine of the conservation of force we 
may not stop at the sun. What then is the 

Source and Origin of the Forces in the Sun? 

The original signification of physiology, a description of 
nature, permits us, without too great migration from our 
proper studies, to consider, for a moment, the workings of 
nature in its grandest fields, in the construction and move- 
ments of the heavenly bodies. I avail myself here, in the 
main, of the clear and concise description of Helmholtz, in 
his paper on the Interaction of the Natural Forces, taking 
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the libertj, simply, of condensation and omiatdon to bring | 
tbo But)jcct witliin the limits of our time. 

A number of singular peculiarities ia the structure of o 
planetary system indicates that it wasouce a connected mt 
with a uniform motion of rotation. Without such an 
assumption, it ia impossible to explain why all the planets 
move in the same direction around the sun, why tbey all 
rotate in the same direction around their axes, why the { 
planes of their orbits and those of their satellites and rings ] 
all nearly coincide, why all their orbits differ but little from ] 
circles, and much besides. From these remaining i 
tiona of a former state, astronomers have shaped an hypo- ' 
thesis, regarding the formation of our planetary system 
which althougn from the nature of the case it must evei 
remain an hypothesis, still in its special traits is so welt j 
supported by analogy, that it certainly deserves our atten- 
tion. lHa other hypothesis has ever so well explained the I 
facta. It was Kant, first, who, penetrating the fundamental 
ideas of Newton, seized the theory that the same attractire 
force of all ponderable matter, which now supports the 
motion of the planets, must also, in ancient times, have | 
been able to form from matter loosely scattered in 
the planetary system. Afterwards, and independent of 1 
Kant, Laplace, the great astronomer, laid hold of the same 
thought and gave it the support of his fame. 

The commencement of our planetary system was thus an 

Tnimenie Ndndous Mati, 

which filled the portion of space nojv occupie<l by onr 1 
system far beyond the hmits of Neptune, our most distant I 
planet. Even now we see similar musses in the distant J 
regions of the firmament, as patches of nebulx and nebulous I 
stars; and within our system, comets, the zodiacal light, I 
the corona of the sun during a. total eclipse, exhibit p 
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nants of a nebulous substance, which is bo tliin thnt the 
liglit uf the stars pusses thruugli it undimininlied nnd un- 
bent. If wc calculate the density of the mass of our plane- 
tary system at the time when it was a nebulous apliere, 
reaching out to the path of the outmost planet, wc find that 
it would require several cubit miles of such matter to weigh 
a single grain. 

The general attractive force of nil matter diubI, however, 
impel thune masses to approiich each other and to condense 
so that the nebulous sphere became incessantly t^nialler, by 
which, according to mcclianical laws, a motion of rotation, 
originally slow, would gradually become ijuickerand quicker. 
The enormous centrifugal force thus developed, acting most 
energeiically. of course, upon the equator of tbe uebulous 
sphere, would swing off masses from time to time, which, 
separating from the main mass, would form themselves into 
single planets, or, similar to the great original sphere, into 
planets with satellites and rings, until finally the principal 
moss left condensed itself into the sun- When the nebu- 
lous chaos first separated itself from other fiied star masses, 
it must not only have contained all kinds of matter which 
was to constitute tho future planetary system, but also, in 
accordance with our new law, the whole store of force with 
which we have since become acquainted. Then, too, an 
immense dower of force was bequeathed iu the entire or 
partial arrest of the general attraction of all the ]>article3 
for each other. When through condensation of the masses, 
particles came into collision and clung bi each other the 
force of gravity h lost to reappear as heat. 

The store of force yet possessed by our system is also 
equivalent to immensequanti tics of heat. If ourearth, whirl- 
ing about the sun at tho rate of eighteen miles a second, and 
whirling on its own axis, in our latitude, at the rate of 110 
feet H second, were to be suddenly stopped in its orbit, a 



^ feet H I 



3G nuT rxov rtocfsets or cottkactios. 

e>lxiiut]r not to te teucd in tfae pmst cwditKW of tfcwp^. < 
^ij laeb a dKwk > qnantitj- of besi ««iU be ewwulaJ i 
Ojnat to that produeed br the coabsaXiiM of foaiteefi eo^ 
canb* of soIhI coal, tlud i^ the extik vooU W healed to 
11,200 ieftvta centigrade ia otbn wnk, it would be 
itutontaDTOittlj fiuKd utd converted ista Tapor. When it 
then fell into the rid, as woald of necesttr be tbe caae, tho 
quantity of heat fletelopcd hj the shock mold be jnat 400 
time* greater still (Qelmholtz). 

Here, now, we have aameihing of a cine to the Mtystaiolig 
origiji of the heat of the gun. From time to time a nimilT 
process ia repeated upon oor earth in the fall upon it of 
meteore or meteoric stones deflected from their coarse afaont 
the sun. It has beea calcnkted that a Tclodtj of 3,000 
feet a second would raise a piece of meteoric iron 1000° C 
in temperature, or, in other wonU, to a virid red heat. 
Now tlic average Telocity of meteors is thirty to forty times I 
this oniouut, and we can thus undcrsl^nd why it is that I 
metcom often burst upon striking the earth with a violent I 
explosioD, or are completely fused to vapor, by the re 
of the air, before reaching it at alL 

But, it is now generally admitted by phyai<usl« and 
OHtroiiomeni that the solar heat has bad its origin, in the 
main, almost wholly in fact, in 

Proeextet of Cotttradion ; 

and thnt it is maintained bysucfa processes. In other words, 
the gravitation of the sun's muss has given birth 'to alt, or 
very nearly ull, the heat which the sun lias emitted in the 
piiHt and will continue to emit to the end ul his career t» a 
nun. As, however, the heat resulting from this contrnctioa 
correnpouda to only about twenty million years supply, a 
jutiikI fjir nhort of the known age of the earth, the theory 
lioB been propoKd thatan immense Htore of heat wasalready ' 
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present in the original nebular ma^a. The hypothesis moat 
generally accepted by oBtrouomera at present derives this 
original heat from the collision of durk bodies circulating ia 
Hpace. But wo are now being carried loo far away from 
our special studies in the attempt to follow up the transfor- 
18 of matter and force in the remotest history of the 
is salScient for our purpose to know that the 
e of force in the enn, like the insignificant »toro 
of the earth, was also, derived from some antecedent force ; 
and whether this force was the result of meteoric bombard- 
ment of the sun, as formerly believed, or of continuing con- 
deusation of matter, aa now maintained, are questions of no 
essential difference. The practical result is the conversion of 
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To form even a faint conception of such mighty forces, 
we are in constant need of some familiar slandard. Such a 
basis for estimation is given by Mayer, in his work on 
Celestial Dynamics, in the case of the 

Gigantic Wooden Channrl, 

in which tall trunks of trees were allowed to glide down 
from tbo steep and lofty aides of Mount Pilatiis into the 
plain below. This channel, which was built about forty 
years ago by the engineer Rupp, was nine miles in length 
and was so nearly perpendicular, that the largest trees were 
sliotdown It, from the top to the bottom of the mountain, in 
about two minutes and a half. The momentum possessed 
by the trees on their escaping at their journey's end was 
sufficiently great to bury their thicker ends in the ground 
twenty to twenty-five feet. To prevent the wood getting 
too hot and bursting into flames, streams of cold water bad 
to be let into the channel in various parts of its course. 
But thia stupendous mecfaaoical process appears infinitely 
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small when iMmpared with the cosmicat j: 
sun. It is here the mass of the «un whi(;h attracts 
and, in lieu of the height of ilount PilatuB, we have distances 
of thouaands upon thouaaads of miles. The amoUDt of licat 
that would be generated by cosmical falls, is at leoiil nine 
million times as great. 

The PcTpiduity of Matter and Jorec. 

Such are the questions that engage us and the concludonB 
that face ub in studying the operations of the Law of the 
Conaervation of Force. "Presented rightly to the mind," 
I cite from the eloquent peroration of Mr. Tyndall, 
"the diBcoveriea and gene ralixat ions of modern science con- 
stitute a poem more sublime than has ever yet been 
addressed to the intellect and imagination of man. The 
natural philosopher of to-dajr may dwell amid conceptions 
that beggar the visions of Dante and Milton. So great and 
grand are they, that in the contemplation of them, a certain 
force of character ia requisite to preserve us from bewilder- 
ment." All the energies of our earth, mighty as thejr 
seem to be, are derived from the email pencil of rays it 
receives from the sun. Of this store, which represents but 
the one-t wen ty-threC'hundred'mil lion th [>art of all the heat 
irradiated from the sun, but a small fraction is really stored 
U]i in latent force. And in all the lapao of human history, 
at loaat, there has been no diminution in the efQux of solar 
force. "Measured by our largest terrestrialatandardseuch. a 
reservoir is inliiiit« ; but it is our privilege to rise above 
tiwan standards and to regard the sun himself ns a speck in 
infinite extension — a mere drop in the universal sea." We 
pass out to regions in space where all our planets are in- 
visibloaud the sun himself is reduced to a point of light. 
\Vc may patv) again, beyond and beyond, to points where the 
lituues of each suuceasive Burvey disappear iu the Umttlcn 
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K regions of Epnce, boundles!>, because ve no sooner aeeign 4 
I boundary than we must Rsk, what bounds the tonndury. 
F Everywhere and forever is the Kamc force and matter in tho 
mid^t of incessant change. Creation, annihilntion atill re- 
main impossible und uiilinown. Nobulifi may condense into 
Bystems and suns, collisions of suiia may reproduce nehulcp, 
r whole system, nay, our visible firmament 
|. might, in the ligunitive language of the Orient, be indeed 
I rolled up like a scroll nnd waflt^d to distant regional of space, 
l< but the matter and tlie force must forever remain the samo ; 
I aectila teculomm, the same. 

Pkijtiolorfical FoTcr. 

When a. weight \i lifted by the hand it seems a long way 
["off to go to tho BUn for tho muscular force necessary to 
Yet the feict is capable of direct proof. All 
, muscular force, all force of whatever character in the body, 
lit directly liberated from the food. We have already Been 
How tlie light and heat of the sun become locked up in the 
plant and all animal life is directly or indirectly dependent 
upon the life of plants. Eitherthc animal feeds upon vegeta- 
bles exclusively, as in tlio case of the horbivon, or it feeds 
upon the .flesh of these animals and thus indirectly upon 
the plant. "The carbonic acid of the air which is 
decomposed by the plant, is decomposed solely and 
exclusively at the exi>cnse of the light of the eun. 
Without tJie sun the reduction can not take place 
and au amount of sunlight is consumed exactly equivalent 
to the molecular work accomplished." The so-called chemi' 
cal rays of sunlight (blue and violet) have a higher affinity 
in the green leaves of plants for the carbon of the carbonic 
acid gas than has oxygen. The carbonic acid gas is thus 
decomposed, the oxygen is set free and the carbon and the 
jjiLpmical laye of the sun, which thus disappear cgmpUliely, 
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are locked up in the plant. If the solar rays fall upon a .1 
surface of sand, the sand is heateJ, but the liciit is later J 
irradiated into the air, but if these rays fall upon a forest, ' 
some of it in retained or infested in the structure of the 
trees. "A bundle of cotton ignited bursts into flames and 
yieldn a definite amount of heat ; precisely tliat amount ot 
heat was abstracted from the sun in order to form that bit 
of cotton. This is a representative ciiise. Every tree, t 
plant, everyflower, nourishes and blooms by the grace and the I 
bounty of the sun" {Tjndall). 

Ill the bodies of animals, vegetables are burnt up just aj 
coal is burnt up in the furnace of the engine and thus ii 
liberated the force in either case. So much fuel, so much 1 
force, iu the case of the engine; so much food, so much.1 
force, in the case of the animal body. The plant is like tbaS 
clock wound up but not running, lit the animal, the peiidii< 
lum is swung, the wheels are started and the latent force it 
set free. The clock runs down. And as surely as the force 
which moves the clock's hands is derived from the arm 
which winds the clock, bo surely is the force of the muscle 
derived from the sun. 

The great mass of organised matter in both plants and i 
animals consists (aside from water) of carbon compounds; J 
carbon united with oxygen, hydrogen and nitrogen. These 
compounds are built up in plants from inorganic matters 
in the earth and air. The carbon is chiefly derived from 
the carbonic acid gaa in the air, The vast magazines of 
carbon stored away in our inenhaustible mines of coal, ex- 
tending from the tropics to the poles, were abstracted from 
an ancient atmospheric ocean far richer in this gas than the 
air about us now. The remaining ingredients, osygen, 
hydrogen and nitri^n, are derived from water and air, 
and the ammonia and nitrates constantly present in each. 
Compounds of these simple bodies are constructed in the 
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protoplasm of nature in tho same manner ae in the labora- 
tory of art. In fact, complex orgiinic substancea have been 
already thuaartificiallycompoiinded. W6hli?r firKt, in 1828, 
made urea (CH( N^ O) from the cyanute of ammonia and 
a. number of organic compounds, allantoin, tor instance, 
and various organic acida have been bince artificially 
constructed. 

Excretions, the Producta of Conihiisiion. 

The essential diiForenco between organic and inorganic 
QOmpounda lies in the fact that the inoi^anic compuunda 
are producta of oxidation (combustion). They have been 
already osidised, these ashca of nature, and admit of no 
further combustion. Organic compounds, on the other 
hand, coutaiuing little or no oxygen, are atill higtily 
oxidisable (combustible). The phenomena of life; that is, 
the liberation of the latent forces stored up in these com- 
pounds; depend upon the oicidution of tlicsc comj>ound8. 
We have as the result of life precisely the same oxidation 
products (excretions) from, these compounds as after their 
more direct combustion. When an ajiimal or a vegetable 
body ia burned (osidised), the moss of it is resolved into 
the gases of combustion. The carbon unites with oxygen 
to become carbonic acid gas (COj), the hydrogen unitea 
■with oxygen to form water (HjO), or with nitrogen to form 
ammonia (NIT3), while the phosphorus and sulphur (when 
present) remain with other inorganic matter in the ash. 
Examination of the aali reveals carbon (not escaped in gas), 
chlorine, potassium, sodium, calcium, magnesium, iron, etc.; 
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42 EXCCETIOSS, TlIE PKODCCTS OF couBrsnos. 
(Measure for 3IeaEurc)acontcmpt of life, heiulviaea him: — 



The plant-cell, then, absorbs from the earth and air these 1 
inoi^anic, oxidised compounds, and under the light and I 
hcBt of the sun libcrat«a the oxygen and fixes the now I 
deoxidised compounds in thf ir substance ; whereas tha I 
animal cell absorbs (ingests) the deoxidised compounds I 
and the oxygen with which it burns (oxidises) them, i 
thus again reduces thcra to gases and salts for reabeorption 
by the pliinta. That is, the earth and air feed the plants, 
the plantt feed the animals, the animals feed the earth and 
air. This la the great circle of nutrition in nature. The 
carbon of the carbonic acid gas in Iheair becomes thecarbon 
of cellulose, starch, sugar, fat, etc., of the plant, which, 
in turn, furnishes carbon for the albumen iu the blood, 
muscle, brain, etc., of the animal, by which it is again 
delivered over as carbonic acid to the air, whence it waa 
derived. 

Tlio pl(jnt-ceil fixes in its body as Litent force the light 
and heat of tbe sun, that tho animal cell may set it fr^ in 
other forms, as in heat, electricity, mechanical work, nerve- 
force, etc. But that the animal cellmay possess this power, 
it must moke constant consumption of oxygen gas. Zn 
the body of man, where the liberation of forces meeta 
its highest expression, the consumptionof oxygen is immense. 
A man of average weight inhales, by various ftvennea, 
700-1000 grammes i>er day, that is 500-700 pounds of 
oxygen a year. Andas the great bullcof his body is composed 
€>f material already thoroughly oxidised (two-thirds to 
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three-fourths of it is water), it may he readily seen that all 
the organic matter of the body would bo soon resolved into 
gases and ash, were it not for the new matter constantly 
furnished by the food. The new matter thus furnished so 
nicely balances the loss by oxidation that the body, though 
in incessant change, may lose nothing of its weight in years. 
And that the atmosphere may also remain the same under 
the constant abstraction of oxygen by animal cells, this 
gas must be as perpetually furnished by the plants. Thus, 
that the 700-1000 grammes of oxygen, appropriated by 
each human being in a day, to say nothing of other animah, 
may be restored to the air, the plant must decompose 
enough water and carbonic acid gas to make 33-40 lbs. of 
starch, cellulose, etc., in the same period of time. 

Animal Bodies as Machines, 

Our bodies come, therefore, to be regarded as machines 
for the exhibition of various forms of force. As the steam 
engine liberates in other forms the forces stored up in the 
fuel, the body sets free in the phenomena of life, the forces 
stored up in the food. We are, however, unable as yet to 
construct a machine that may liberate force as perfectly as 
the human body. Helmholtz has shown that the best steam 
engine can convert into motion only one-tenth of the force 
of its fuel, the remaining nine-tenths escaping as heat ; 
whereas the body of man may transform into mechanical 
work as much as one-fifth of the force of his food, the re- 
maining four-fifths escaping with the unoxidised, that is, 
the unburnt, compounds in the various excretions. 

The Force Value of Foods. 

The force of the body being thus directly derived from 
the food, and the amount of heat being known which the 
combustion of any article of food outside the body will 
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produce, it is easy to compute the force value of the diSbrentJ 
kinds of food. Frankknd hns thus tabulated the force ] 
value of foods and has ehown, as might have been antici- 
pated, that the most highly corabustible articles of food, the ' 
fati, stand at the head of the listin the umoutit of force that 
may be liberated in their digestion. Tliua, half a. pound of 
fat furnishea the same amount of force ns one and one-third 
pounds of flour, one and one-half pounds of sugar, three 
and one-half poundsof lean beef and fivepoundsof potatoes. 
The laboring man gets from his slice of breakfast hacon 
more work than the retired merchant, professional man or 
epicure can obtain from a table overloaded witli other tiling 
The appetite comes thus to be recogniHcd as a measure of 
the capacity for work. A fanner when asked "how hecould 
afford to pny his laborers so well," replied, that "ho could 
not aflbrd to pay them less, as less wagea meant less food 
and less work." Another e-it at the table with his men and 
when he found one of them taking less food be turned him 
off', aa he at once knew that that individual was shirking his 
work. Longet relates that in 1841, some English and French 
laborers were engaged in the construction of a railroad from 
Paris to Rouen. It was soon discovered that the French 
laborers could accomplish only about two-thirds as much 
work as the English. It was suspected that this deficiency ' 
of force was due to the deficiency of food. The French 
laborers were thereupon supplied with an equal amount of 
food and soon were able to accomplish an equal amount of 
work. "The muscular strength, the intelligence and cor 
mercial industry of a people depend upon the proper ui 
and right distribution of its food." 

Cost of Fuel and Food. 

But it force is more fully set free by thehumanbodythanby I 
amachine, the questionbecomes pertinent: wbynotempluy | 
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' liiunBii beingB for mechanical work rather than machinery. 
The answer is very easy ; tiecauBe of the coat of food in com- 
1 with fuel. A Btcam engine will work nil ihiy at a 
cost for its fuel of twenty centu ; the food of two liorses, the 
equivalent of the machine, eoata :(2.00 ; nnd the food of 
twenty-four men, required to perform the Bame work, coata 
$10.00. Hence, as Uondera has shown, the animal hoily can 
never EuccessfuUy compete with the steoni engine, and "the 
wont use to make of a man is to employ him exclusively in 
mechanical work, a statement which harmonizes with the 
increased introduction of machinery iu our advancing 
civilization." 

If we should allow any humanitarian influence a place 
at all iu thiHconetdcralion, we should have to rcmcmher also 
that if we divert bU the force in the body to mechanical 
work, there is none left for mental work. The fore* of the 
body is of course pretty much a fixed quantity, just as it is 
for a machine, depending lai^ly upon its original construc- 
tion, as determined by heredity. We cannot use all the 
power of a machine for a special purpose, say to saw a log, 
and have enough left to turn a mill-Htone. So with very 
few eiceptiona hard muscular workers achieve no eminence 
in intellectual life. Stallions whose force is to be used in 
reproduction are kept idle in the stalls. 

The body of man is built up of cells (protoplasm), which 
are, in turn, composed of atomsor molecules, whoi<e arrange- 
ment (transmitted by heredity and modified by external 
conditions) determines the special action or iisc. Or, as 
Goethe has put it: "JVTcAi allein dot angeborcne, auck das 
Erworbene ut der ifrmth." (Man is not alone what he 
inherits; he is also what he acquires.) The action of 
protoplasm, though sometimes apparently, is never really 
^wntancous. The cells are called into action by stimu- 
lus, which, so far as we can trace it, always pro- 
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ceeds from wichout. The various phenomena of life 
arc principally raanifestatioas of reflex actinn. In 
simple bodies (individual masses of protoplasm) the out- 
side stimulus is conveyed from atom to atom, like chemical , 
force in gunpowder, from grain to grain. In cuniplez.J 
bodies tlie stimulus is carried along definite trains (nerve-l 
strands) to special destinations. If a muscle contract, itl 
contracts in obedience to stimulus carried to it by a molor.f 
nerve. The stimulus conveyed along the nerve 1 
development in a nerve-center (ganglion). The stimulusl 
experienced in tbo nerve-center is in turn derived from J 
a sensitive nerve. The senaitive nerve transmits b 
preBsios. received upon a sensory surface (skin, mucouffl 
membrane, gland, etc.). Even the most complex m 
festationa of the brain fall uuder the same category, 
called voluntary movements are only the final respooBes to] 
impressiona made upon the special senses at the time o: 
the paat (memory). The highest expressions of the intellect H 
of man maybe resolved iuLo the more perfect transmlltationaJ 
ef outside forces by machinery made more perfect by original 4 
construction (heredity), or made more perfect by labor, 1 
(education). 
Thus: 

Phyidological is Correlative tcilh Physical Force, 

or, more literally expressed, is identical with physical'l 
force, and, the matter of our bodies being the same, and the) 
forces which operate upon it being the same, aain theinoi^anic 
world, the exhibition of life is no more due to aa innate 
principle, a separate easenee, a quid intia, a something 
within, than is the registry of time in a clock. 
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Physiology (*ii"f, ^yoi), in our day, has a meaning very 
different from the old conception of the term. It is no 
longer a. "description of nature" in general, according to itB 
literal origianud primitive signiScaoM. The vast collection 
of facts in natural science, accumulated since physiology 
first was taught, has been classified in appropriate lists, and 
relegated ta special and separate departments, Tlie range 
of physiology in ancient limes becomes apparent from the 
titles of the works of the oldest authors. Tlius, Ariatotla 
wrote a. work entitled BUtoria, Partei, Jncetgut, Motus, 
Generatiogue Aaimalium; atqve PUmlarutn natura brevit 
deacriptio. Aristotle was the first to use the term 6, ^mio^w, 
designating as such, Thalce, Anaximeaes, HeracHtus, Dio- 
genes, Empedocles and Anaxagoraa, philosophers who were 
engaged in the study of the nature of things, their causes 
and commencements. Feruel first (1538) limited the term 
to the nature of man in health. Boerhaavo and Huller used 
it in the sense of the use or actions of the various parts of 
the body. Bynonima of Physioli^y were the Phiioaopliy of 
Living Bodies, Dynaniology, Organonomia, Zoononiia, 
Biology. Johannes Muller (1833), "who de.ilt the death 
blow to vitalism" in physiology, called it "The Physics of 
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Organiams," bauiag it solely upon Anatomy, Chemiatiy a: 
PbyBic 

PhyBiology, in ita modem sense, is limited to the phe-^ 
Domena. observed only in living things, and though reully 
only more closely atlied with xubjccts not especially endowed 
ivith life, it has gradually become disencumbered from 
necessary consideration of them. Physiology is, in short, 
biology, the scienco of life. 

What, then, is Li/ef 
A satisfactory definition of life in a few words was a want. 4 
experienced long before physiology was studied as a, separate 3 
branch of knowledge. With the ancients this qucstio 
easily answered. Life to them was a miracle, a supernatural 1 
creation. ''Humanity in its infancy, like the infant still f 
in humanity, was satisfied with a word it could not eompre- I 
Iiend." Every iuexplicable event, from an eclipse to i 
epidemic disease, was accepted as a miracle, and further! 
inquiry was prevented, if not puni;4hed, indeed, as a pieaump- 4 
tiou upon the prerogatives of the goda. 

Ancienl Definitions of Li/e. 

Or, iat«r, definitions of life were evolved from the revel- J 
Ties of metaphysics, Life, said Thales, of Miletus, emanatea 1 
from water with every other earthly thing. According to 1 
Fythaguraa, the principle of life is heat. Alcmeon thought I 
that the principle of life was in the blood, but the soul, a, T 
distinct principle, was seated in the brain. The chief ingre- 1 
dient in the manufacture of life for Empedoclea -k 
though water, air and earth, all the elements, entered into J 
its composition. It was with fire stolen from heaven tbatl 
Pygmalion infused the breath of life into his marble statue, f 
Hippocrates, most wise of all, refrained from any definition I 
of life, uiid counseled the etudy, not of ita causes, but of its J 
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manifestations. Plato, the great spiritualist, maintained 
that the rational soul, an immaterial essence, was located 
in the brain, the irrational, likewise an essence, in the abdo- 
men. The body is only the theater in which the soul lives, 
and thinks and acts. Aristotle subdivided the soul to such 
extent as to localise its parts in every organ, whose functions 
the special parts direct. The still popular "animation" of 
the heart, stomach, bowels, liver, spleen and kidneys is the 
relic of these views. In the reaction which naturally 
followed this exaltation of the soul, Epicurus, like Demo- 
critus before him, renounced the soul entirely with every 
form of immateriality. The body is only an accidental 
collocation of atoms, whose aggregation and arrangement 
explains the different functions. Galen with his pneuma 
again restored the soul as the principle of life. It was 
develoj)ed in the ventricles of the brain, and lodged in the 
arteries, the air or pneuma carriers, whence they have their 
name. But with Galen came again the reinstatement of 
observation, as recommended by Hippocrates, and the first 
establishment of experiment. Galen is thus justly looked 
upon as the father and the founder of scientific physiology. 
Unfortunately, his example had no followers. "Fireside and 
writing-desk theories" — easier paths to notoriety — soon sup- 
planted bed-side observations and experimental studies, one 
after another triumphing in turn, until everything was lost 
in the succeeding darkness of the middle ages. "The field 
of physiol(^y illuminated for a moment by the genius of 
Galen was then enshrouded in twelve centuries of gloom." 

After the long night of ignorance and superstition broke 
the dawn of the day which is still upon us in glimmers of 
light from the natural sciences. From the still smouldering 
embers of alchemy and astrology — as Christianity upon the 
altars of the unknown gods — were fanned the flames of modern 
chemistry, physics, and the other natural sciences, under 
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the light of which were read Dew interpretations of the prin- 
ciple of life. Paracelsus, Van Helmont imd SylviuH, could 
fiec in ita most complicutcd phenomena nothing but efTcctB i 
oE combinations in chemistry, DescartcB introduced the 
new science of mechanica. "The body had been an alembic; 
now it was a machine. The principles of gravity, mecbanics I 
and hydrostatics served to explain tho phenomena of the i 
senses, the movements of organic, the exercise of all tbe | 
functions, and even the acta of intelligence" (Longet). ' 

Again, there wbe reaction toward a vital aa distinct from { 
physical force. Haller, who was second only to Harvey, 
for having revived anew tbe long neglected studies by direct . 
observation and experiment in lieu of Hurmise and E{>ecula- | 
tion, discovered the inherent "irritability" in various tissues, 
a property innate to the tissue itself, and characteristic of 
living matter. 

3fodem Dffinitiofi! of Lift, 



)wn day has been montly a 
'life is tho sum total of the 

Lawrence declares ii 

purposes of organised 



The definition of life in our 
play upon words. Bichat says 
functions which resist death." 
"an assemblage of all the functii 

bodies, and the general result of their exercise." Lewes 
defines life as "a series of definite aod succcssivo changes 
without destruction of identity." Duges calls it "the special . 
activity of organized bodies," Beclard, "organisation in I 
action," and Spencer, "tbe coordination of action." Truly, it I 
might be said of all these phrases, they are only idle repe- 
titions of "life is life." 

Thus, to define physiology as the science of life, is one ' 
thing; but to define life, the subject of which it treats, 
is another. One might almost say that the definition of 
life is a rock surrounded with shipwrecked atf«mptB. It i 
ia no answer whatever to say that life is a creation. 



I £uch an oEscrtion may eatisiy the wants of the emotions, 

I it will in no vay appcaso tlio demands of tlio intellect, 

trained by cultivation in phyaicnl science to entirely ignore 

inatural explanations for natural evcntn. Equally empty 

.d evasive in the periphrase that life is the result of all ILt 



Difference between Organk and Inorganic Matter, 

May we succeed better, perhaps, with the understanding ' 
1 of life by a comparison bctwtcn matter cndoM'cd with it, 
I and that wliiuh is not ? Automata have been mnde to 
I simulate every viaiblo manifestation of life. Vaucnnson's 
I duck could walk, talk, i. e., utter sounds (Faber's machine 
I Goiild talk), eat, digest food, and even void per anum 
Uindigertible residue. Yet titis automaton ivos wholly built 
I up o( wheels and springs, retorts aud tubes, mechanical 
I and chemical devices, a eunuing eontrivanee to nearly 
I realise the fanciful conception of Frankenstein. In what 
I respect docs such a finished piece of mechanism differ from 
ra, a really living thing 1 
LB been said that the activity of an organism is innate, 
I while that of a mechanism is accidental. An animal lives, 
r moves, and has its being of itself, nhile a machine, st«am- 
jn^ine or watch must be supplied with fuel or wound up 
before ita activity is sUown. 

Bui an organism is no more capable of living without 
food, than a machine of running without fuel. The food 
a fuel in a literal sense, and it is the combustion of the food 
in the body of man, as it is the combustion of fuel in the 
furnace of the engine, that develops the force in either 
case. 

Again, it has been said that activity of Homekind or other 

isessential to theorganisra, but unessential to the mechanism ; 

I that is, if the organiam ceaeea to act, it periahes and is lost, 
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whereas nn engine remains an engine, or n watch r 
a watch, even though not set in motion for years. But wo 1 
know many orgnniams dint have ceased to show any Eignsi 
of life for years and yet still eiist as such. Small wheel- 
l^ke animals, tardigradea, rotifers, etc., may be completely 
dried up and kept as lifeless particles fur j-eara, to be re- 
stored with every manifestation of life, swimming as actively , 
aa before, on being put again in water. Frogs and fishes, J 
low in thescaic, have been frozen hard into inanimate bodies ■ 
and again thawed into life. Beedn from the tombs of.l 
mummies have been made to germinate and bear fruitia 
aftor the desiccation of a thousand years. 

Nor can the mndi-vnunted power of reproductioi 
looked upon as a criterion of living things. The power of ,1 
reproduction is present only at a certain phase of life in 
animala and plants, and yet at every period arc they nc 
the less alive. Besidea, many living things are atcriloj 
throughout life, as the workers among bees, the soldienj cCfl 
ants, hybrids among horses, etc. 

Nor, again, may it even I>o maintained that ereryl 
living thing is descended from a parent lite itself; fori 
many species of animals and plants now upon the earlltfl 
differ so entirely from anecstral forma as to have been long ■ 
regarded as entirely different species. A skillied zoologist il 
required to trace the resemblance between fossil and osiistent.l 

The Prapertij of Atsimilation. 

Nevertheless, obserrea Brflcke, who baa bo clearly eetab-l 
liahed these refutations of long accepted vicwj, we 
a diffcrenee, which enables us to separate living from lifelea^J 
matter. Organisms have the property, with which ; 
mechanism of any kind has ever been endowed, of taHi 
up forcigu matter and tranefonniug it into their own en 
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Stance ; and the organism grows at the expense of the 
substance thus acquired. This is the property of assimila- 
tion. "It pertains to every organism, so long as it is an 
organism, and must pertain to every organism, because 
upon it is based its whole organic life." But if we contrast 
the growth of an organism with the growth of inorganic 
matter we may not make this difference so distinct. For, 
in the first place, we observe that the elements which go to 
form an organism are not different from those that constitute 
inorganic matter. The carbon, hydrogen, oxygen and 
nitrogen of living matter are precisely the same carbon, 
hydrogen, etc., in the inorganic world. A simple monad, 
a shapeless mass of protoplasm, scarcely contains as many 
elements as a piece of common feldspar. That either 
should increase in size, it must be placed in a medium con- 
taining matter like itself, or that may be changed into matter 
like itself. In the slow evaporation of the solution of a salt, 
the formation of crystals develops. Each crystal particle 
grows by addition to its surface. In the growth of an 
organism the addition is effected from within. So far as 
growth is concerned the essential difference between the two 
is merely one of density. Organisms arfe of , soft consistence, 
hence are penetrable to nutrient matter. Inorganic matter, 
from its nature, is hard and dense, impenetrable from with- 
out. Growth may only take place on its surface, but it is 
here, as in the organism, always at the expense of the new 
material. It is true that in the organism the new material 
is subjected to chemical change, a new arrangement of its 
atoms resulting from its absorption and assimilation, but 
this change is due to the fact that carbon, the principal 
elementary ingredient of organic bodies, has such multi- 
tudinous and varied relations with all the other elements. 
In other words, the various manifestations of life, in its 
simplest forms at least, admit of explanation on physical 
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grounds alone ; and, bo far oa growth and rcprodaction aiid 
concerned, it 13 no more necessary to invoke the phantom of 
a mjBtio vital force in their comprehension, than in the 
eiplanatioQ of tjie form or formation of a crystal iu the 
inorganie world. 

Whatever theory we may adopt as to the nature of life, 
there is no longer any douht as to the 

Period of iU Development vpon our Earth, 

that IS, it la positively known that life did not appear 
coGial with the dissipation of the chautic confusion which 
marl>s the first epoch in every theory of creation. Ages 
muBt ha4e lapsed before the necessary conditiona of life 
could halt developed. 

Two theories prevail at present in the civilized world 
regarding the first creation of life ; the so-called miraculous 
and non-miraculous theories. These theories ure more 
enphemistically designated the telcological and mechanical 
theories ; telcological (rt^oc, end and ?.o)oc, discourse) because 
evincing design, according to human conception of the term ; 
and mechanical in the sense of being explicable by the action 
ofnaturallawsin continuous operation. The miraculous is the 
supernatural theory as revealed in the first book of Genets. 
Because it has received its finest exposition in our day at 
the hands of the great English poet, Milton, this theory ia 
often called the Hiltonic theory. It is depicted in tiic 
Bible witii the solemn cadence, the metaphor and poetic 
imagery, the "inspiration," characteristic of the Orient. In 
ita regular seiiuencc of chaos, darkness, absence of form and 
life, then lijlit, water, v^etation, aquatic life, land life, 
and, last of all, man, it is in perfect harmony with the natural 
theory of creation. But, in its disposition of the earth ss 
the center of the universe, and of man as the center of all 
life, it is directly opposed to all the facts of astronomy, 
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geology and biology. The eurth we knonr to be but an 
atom in tbe illiinitublti ext)aiise of SI>a^^e nnd we huve 
reason bi consider man but aa an accident of cunditious 
upon its surface prevailing at hia time. 

The non-rairaculoua la tbo natural theory of creation. 
This theory in the first plac« repudiates every idea of crea- 
tion in the strict sense of the t«rm. Buch a thing aa tbe 
creation of a new sutistance is impossible and unknown. 
Tbe matter of which our earth conaista baa existed and will 
exist forever. It may become subject to as many changes 
ia future ages as it has undergone in the past; it niiiy, 
ultimately, even lose ils separata existence and identity by 
fuaun with, other glolws of matter and return to a former 
nebulous state, but the matter of its present compouition 
must remain, in essence, forever the same. 



As it is imperishable, it may not have been created. 
In its organic form it may suHer decomposition but, 
oa WQ have seen, the water, the gases, the "dust," into 
which it is resolved, ia tbe aame matter in its elements as 
bcferc. It baa only eban^d its form. The smoke and a.ihes 
of matter consumed by tire, weigh exactly as much, and are 
the B;ime elements as before. Creation under the natural 
theory refers not to suhatauce, but to form. 

Facta in the natural sciences, which it is not our prov- 
:e to repeat, enable us to trace back the past history of 
Dur earth, through BUcceaaive changes of form, t^a mass of 
molten matter, irradiating its heat into space, until ita ex- 
terior was enveloped in a wore or less solid crust. The sub- 
sequent condensation of steam, into which its water had 
been forced by heat, let I'.iu rain fall upon the surface until 
it was wholly covered with water. The surging of the mol- 
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ten interior lifted land above the waters in islands, conti- 
nents and mountain cliainH. Then, when the heat had heen 
sufficiently reduced, vfhen water was present in quantity, 
when an atmosphere (though not the air we are breathing 
now) floated above the waters, then — all the conditiona J 
being present — life was developed iu its lowest forms, i 
inevitably as the heat was irradiated, or the steam condensed, \ 
or the minerals cryatallised into special forma, or as inevitably 1 
aa any physical law. 

Tlie Theory oj Emlatton. 

That higher and higher form9 of life were successively J 
developed from lower forms, is now abundantly proven by ] 
facts in paiaKintology, comparative anatomy and embryology, 
as well OS by direct observation of the effects of natural and J 
artificial selection. 

Palceontology, tkt Scieiux of Petrifactiora, 

or of fossils, furnishes what may be now called indisputable I 
proof of the gradual evolution of higher forma of lite. "The 1 
organisms buried ill the moiit ancient geological Strata must J 
be looked upon us the ancestors from which the rich. I 
diversity of forma of the present creation hitve originated I 
by continued generation and by accommodation to pro- J 
gressivQ and very different conditions of life" (Carus). The 1 
different strata of the earth, eucce^ively deposited at difibr* ] 
eot epochs of time, may be thus regarded as eo many shelves, 
each filled with apecimena of synchronous creation. Of the 1 
vertsbrate auimala, for example, we encounter first fish, then ] 
amphibious animals, then reptiles, birds and mammals. 

Tlie esplanatiouB offered to account for tiie esiat^nee of 1 
fossils on any other theory than that of evolution are Tery I 
curious. It was believed, for instance, that fosaila were \ 
models in clay or mineral matter of subsequently improved ( 
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creations in organic life. According to others, petrifactions 
resultccl from the influence of the stars upon the interior of 
the earth. "Sports of nature," they were playfully called. 
Since we have become acquainted with the vast denudations 
effected by the action of the air and falling and running 
water, we can readily understand how forms of life become 
gradually encrusted with sand and mud, and remain en- 
tombed for all time, as indestructible as the subjects and 
objects in Pompeii and Herculaneum while still enveloped 
in ashes and lava. 

Though the animal nature of fossils was recognised by 
some of the ancient .Greek philosophers, notably by Xeno- 
phanes, of Colophon, as also by Aristotle, and though even 
the manner of their petrifaction seems to have been under- 
stood by that most versatile genius of the fifteenth century, 
Leonardo da Vinci, it was not until the beginning of the 
present century that their regular order of deposit began to 
be observed, so that laws could be deduced to entitle palaeon- 
tology Xo a distinct place amongst the exact sciences. AVc 
owe our first definite knowledge of the deposition of these 
ancient forms of life to the great natural philosopher of 
France, George Cuvier. This observer discovered that the 
fossils deposited last, that is, those nearest the surface in 
undisturbed strata, most closely resembled the forms of life 
now existing upon earth, whereas those deposited first, in 
the deeper strata, differed most widely from living forms. 
Unfortunately, Cuvier was not able from this most suggestive 
discovery to proclaim the gradiltional development of forms 
of life, and thus anticipate for himself and his time the 
honor of the discovery of the theory of descent. The differ- 
ences in the forms of life encountered in different strata, he 
believed to be inherent, and to have been imprinted from 
their birth. In other words, he believed that each new strata 
represented an entirely new creation of all the forms of life. 
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millions of years, rain must have fallen upon ita Burface -^ 
to cITect the present degree of denuiliition. The formation 
of coal anil uf coral, of stalactites and stalagmites, f urnitih in- 
disputable evidence of the lapse of agea upon ngea of time. 
"Men are in the habit of meoauring the greatness and the 
wisdom, of tlie universe liy the duRitinn and the profit 
which it promi^s to their own race ; hut the past history 
of the earth already ehona what an insignificant moment 
the duration of the existence of our race upon it constitutes. 
A Iiineveh vessel, a Eoniaii aworj awakens iu us the con- 
ception of gray antiquity. What the museunis of Europe ' 
show of the remains of Egypt and Assyria we gaze upon 1 
with silent aatoniahment, and despair of being able to carry I 
our thoughts back to a period so remote. Still must tbs I 
human race liave existed for agts and multiplied itself J 
before the pyrnmida of Nineuch conld liavo been erected, . 
We estimate the duration of human hiatory at GOOO yeara; j 
but immeasurable as this time may nppear to us, what is it J 
in corapari^n witli tlic time during which tlio earth carried J 
Bucceasive aeries of rank plants and mighty animals ai 
men ; during which in our neighborhood the amber Iree | 
bloomed and dropped ita costly gum on the earth and in J 
the sea; when in Siberia, Europe and Nortli Americagroves 1 
of tropical palma flourialied; where gigantic lizards, and 1 
after them elephants, whose mighty remains wo still find ( 
buried in tlie earth, found a home ?***■» And the | 
time during wiiich the earth generated organic beings i 
again amall when we compare it with the ages during whidl J 
the world was a. hall of fused rucks. For the duration of ito I 
cooling from WW to 200' centigrade, the esperimentu o 
Dishop upon bnaaltahownbont 350 millions of years necessary.. J 
And with regard to the time during which the first nebulous -^ 
mass condensed into our planetary system our most daring [ 
conjecture must cease. The hiatory of man, therefore, isrj 
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but a short ripple in the ocean of time" (Helmholtz). 

It is only necessary to appreciate the great age of the earth to 
understand the might of the slow and silent changes in per- 
petual operation, and to realise the truth of the remark that 
"changes which are rare in time are frequent in eternity." 

It was this revalation of the order, instead of disorder, 
observed in the history of the development of the inorganic 
world that enabled palaeontologists to disclose in fossils the 

Gradational Evolution of Forms of Life. 

It is only within the past twenty years that proof of this 
fact has received its highest confirmation in the accumula- 
tion of evidence of the existence of man in ages antedating 
any historical record. It may be stated as now beyond 
question that "not only man, but, what is more to the pur- 
pose, intelligent man, existed at times when the whole 
physical conformation of the country was totally different 
from that which characterises it now." And the fact itself 
that the difference is so slight between the most ancient 
remains of human forms as yet discovered — the celebrated 
Neanderthal skull for instance — and the forms now upon 
the surface of the earth, is most conclusive evidence of the 
time required to effect any very great change in the physical 
conformation and constitution of our earth. The horse, 
which now exists is the same in all essential regards as the 
horse of the period of time referred to', but is a very different 
animal from the horse of a much more ancient* period. It 
was the recognition of the eras of time necessary to effect 
radical changes in the structure of animal forms under the 
slow agencies of natural selection that forced upon scientists 
the conviction that no series of sudden catastrophes or 
convulsions have marked or marred the even course of 
nature. As Mr. Huxley has remarked: "Catastrophic 
palaeontologists are now practically extinct." It may 
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not be said, indeed, that our record is in all respiMita 
complete. When we consider the disturbing eleva- 
tiotiH and depressions to which all parts of the earth hare 
been repeatedly subjected, the very Biunil extent of surface 
OS yet explorcd^Dot tho one-thouBtindth part of the whole 
— the metamorphic changex which heat has induced in the 
lowest strata of rock, and when we recall the periahabiUty 
of intermediate forms, and of all except the hardest parta o£ 
all forms, we cease to wonder at the "missing links." Many 
cf the speciniens still preserved are in sadly mutilated 
state, like the wounded in the broken ranks at the rt>1l 
call after battle. But the losses are compensated in soma 
degree by the skill of the interpreters. Some of you are ' 
doubtlcB» familiar with the story of Zadig in the Bomancea 
of Voltaire. He was a youth who had "chiefiy studied tho 
properties of plan ta and animals, and soon aciiuired a sagacity 
that made him discover n thousand diiferences, when other 
men see nothing but uniformity." The light and long 
furrows impressed upon tbe sand between tlie marks of the 
paws, revealed to him that tho animal escaped wax a bitch i 
recently whelped ; other side traces told of the hanging e; 
of a spaniel, and the slighter impression of one of the paws 
showed that the animal was a little lame. Thus also he w 
able to divine the height of a runaway horse, the length of 
bis tail, tho character of his uliocs and bit, in a manner to 
astound his questioners, and, as has often happened since, 
under similar oirc am stances, to render him liable to pereecu- 
tion for sorcery. But how much moreincredibleandii 
prehensible to theunleamed is the more definite and extensive 
knowledge afforded by a footprint to the pahcontologist 01 
paratire anatomist? "Whoso sees merely theprint of acleft 
foot," wrote Cuvier, "may conclude that the animal ivhich. 
left this impression ruminated, and this conclusion is as 
certain as any other in pbysica or morals. This footprint 
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alone yielda to liim who obeervoa it.'the form of tliB teeth, 
the fi)rin of the jaws, Iho funn of the vortcbrtr, the forms 
of all the liones of the le^a, of the thighs, of the alinuidere 
and of the pelvis of the animal wliich has passed by j it ia 
if surer mark than oil those of Z:ullg." A fossil frafpncnt 
of a lower jaw directly attached to a piece of skull would 
enable the palieontolc^ist as positively to assert that the 
animal of which the fragment was part had two occipital 
condyles with an ossified basi-occipital bone, had also red 
corpuscles in its blood and breasts to suctle its young. 

Thus the excavation of ,i few fossil bones of the leg in 
our country completed the line of descent of the horse, the 
discovery of a couple of small back teeth (of a predatory 
marsupial) in the Trias formation established the existence 
of mammals at that early period of time, and tho im- 
perfect impression from the Jura of a fossil bird (the 
archceopteryx) with a lizard's tail confirmed the con- 
jecture previously made that birds were developed from 
liKirds. Thns from a fragment of bone or n tooth, from a 
leather or a footprint, has been deciphered, as from ancient 
hieroglyphics, the gradational development of animal life, 

-For my part, said Mr. Darwin, in speaking of the imper- 
fection of the geological record, for my part, following out 
Lyell'a metaphor, I look at the geological record ae a history 
of the world imperfectly kept and written in a changing 
dialect ; of this history we possess the latest volume alone, 
relating only to two or three countries. Of this volume, 
only here and there a short chapter has been preserved , and 
of each page, only here and there a few lines. Each word 
of the slowly changing language, more or less different in the 
fiuccMsive chapters, may represent the forms of life which are 
entombed in our consecutive formations and which falsely ap- 
pear lo us to have been abruptly introduced. On this view the 
difficulties discuBBed are greatly diminished or even disappear. 
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LECTURE IV: 

THE EVOLUTION OF FORMS OF LIFE. 

CONTENTS. 

Comparative Anatomy — Of the Eye and the Ear— Order of Develop- 
ment — Jean Lamarck — Wilhelra von Goethe — The Intermaxillary 
Process — Erasmus Darwin — Anatomical Resemblances — ^The Hand 
and its Homologues — Comparative Embryolo^ — Ernst Haeckel— 
The Rudimentary Organs — Bone Rudiments — Muscle Rudiments- 
Rudiments from the Digestive System — Other Rudiments — Explana- 
tions of Rudiments. 

To-day we approach the development of life from the 
standpoint of 

Comparative Anatomy, 

The most striking feature in a general survey of the forms 
of life is their almost infinite diversity. The mind is fairly 
confused in its attempt to review the vast procession of ani- 
mated beings in constant defile about us, having nothing 
more in common, apparently, than motion or growth, repro- 
duction or assimilation, the grosser phenomena of life. 
Humboldt estimated, many years ago, that there were 56,000 
species of plants and 51,700 species of animals. We know 
now that species are numberless because they are mutable. 
It is comparative anatomy alone that reveals to us the simi- 
larity of structure prevading all these forms, notwithstanding 
their great diversity in external appearance. By the study 
of comparative anatomy we are thus enabled to group the 
forms of life into species, genera and tribes, to single out 
elements or types of structure from which all the various 
forms are modeled, however much they vary to superficial 
inspection, and to trace the points of resemblance to and 
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protoplasm. In skir-liahcs tlie pigment cells nro deprened 
and the cavities filled with geUtiiioos matter to cooatitute 
primitivo leasea and to efTect tlie first conccntriLtion of light. 
In articulate animals an optic nerve is cuated with pigment 
sometimes arranged in the form ot a pupil. In insects are 
HUperndd^d numerous fa(;etB, each a distinct lens to convei^ 
the rays of light u]ion the eeDsitire nerve filaments ben^th. 
In the lowest vertebrate ijniinal, the lHncelet,*we start with 
"a little sack of transparent skin, furniehed with n nerve 
and lined with pigment, hub destitute of any other appa- 
ratus," As we ascend the scale of vertebtata wo succeasively 
encounter the mors or less developed crystalline lens, the 
vitrcouii and aqueous hodies (additional lenses), the retina 
with rods or cones, or both, and, finally, the aceesHory appa- 
ratus of muscles and lids and toshes, glands for the raanu- 
focture of lubricating oil and tears, and tubes to convey 
away Bujwrfluous fluids. 

What is true ill this way of organs in the body is true of 
the whole body, that is of the position it occupies in the 
animal scale. We may observe in the study of comparative 
anatomy, the 

Order of Succession 
of different animalsin a progressive and uninterrupted chain. 
In the vertebrate animals, for instance, we sec this snecesaion 
maintained from fishes to amphibia, reptiles, birds and mam- 
mals, and from the lower to the higher orders of each class. 

Comparative anatomy pays its highest tribute to biology 
in displaying the general unity of structure in the various 
forms of life. Wc owe the first definite exposition of this 
principle to the distinguished French philosopher, 

.^n Lamarck, 
In the earliest years of the present century Lamarck pub- 
lished in Paris his Zooli^icai Philosophy, which was accord- 
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ing to its title "an exposition of the natural history of ani- 
mals showing the diversity of their organization and faculties 
the physical causes which maintain them in life, give rise to 
the movements they may execute and endow them with 
sentiment and intelligence/' Lamarck first propounded the 
theory of descent in his Natural History of Invertebrated 
Animals — 1815 — 1822. In this work he maintained that 
"the systematic divisions of classes, orders, families, genera 
and species, as well as their designations, are the arbitrary 
and artificial productions of man. The kinds or species of 
organisms are of unequal age, developed one after another 
and show only a relative and temporary persistence. * * * 
The differences in the conditions of life have a modifying 
influence on the organization, the general form and the parts 
of animals, and so has the use and disuse of organs. In the 
first beginning, only the very simplest and lowest animals 
and plants came into existence; those of a more complex 
organization only at a later period. The cause of the earth's 
development and that of its organic inhabitants, was con- 
tinuous, not interrupted by violent revolutions. Life is 
purely a physical phenomenon. All the phenomena of life 
depend on mechanical, physical and chemical causes, which 
are inherent in the nature of matter itself." Lamarck 
is therefore justly regarded as the originator of the 
theorv of evolution or the doctrine of descent. His views 
excited, however, but little attention at the time of 
publication. Lamarck had no idea of the struggle for 
existence entailed by numbers and the survival of the 
fittest, the key notes in the comprehension of the doc- 
trine of descent ; still for having proposed the theory 
and backed it with proof from comparative anatomy, 
Lamarck must always be regarded as the pioneer in this 
great discovery. 

Almost about the same tipne, the doctrine of unity of 
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structure was occupying the attention, of the greatest inUi- 
lett in Germany, 

ITOAefow Wol/ffang voti Goethe. 

We are all fully fftmiliar with the literary achievements of 

Cn;ethe, whom wg are accustomed to regard as second only 
to Shakespeare as a delineator of human feelings and pas- 
eiona, but few of us are aware that he far Eurpafsed Shake- 
speare in his deeper and more Hublile concept ions of the 
secrets of nature — the resultof higher culture in the physical 
sciences of his day. In hia persistent search after a type of 
Structure in the vegetable world he had already hit upon 
the leaf— and would have reached the cell, no doubt, had 
the microscope lieen in general use— when he directed his 
attention to the study of animal life. Frum his inreatiga- 
tion into the structure of inlets he was able to announce 
the ring, a succession of which, from the head to the tail, 
constitutes the whole body, to be the fundamental principle, 
modified only to form the yarious parts of the animal. 
What the leaf was to the plant, was the ring to the insect. 
So the vertebra is the starting point or ground principle for 
the vertebrate animal. But for a long time the bones of the 
cranium confused him. They seemed so entirely difierent 
from all other osteological forms in the body "as to trans- 
port him," as ho said when attempting to deduce them from 
TertebrsE, "into a sort of frenzy," A bleached sheep's skull 
picked upiu the Jewish cemetery at Venice,duringoneof these 
perturbed meanderings, revealed to liim as in a flash of in- 
spiration the derivation of the cranium from the vertebral 
bones. Though this view has since undet^onc much modi- 
fication, it was of the highest value in its day in concen- 
trating the attention of the scientific world upon the funda- 
mental principles underlying all animal structure. Tliere 
IB still another discovery of Goethe, worthy of especial 



I mention in tbia connectiua, ik genuine discovery, which no 
Liter developments niiiy tver cotifutis. It is to Goethe that 
we owe the discovery in man of the so-called mid jowbone. 

The Inler-Maxitlary Process, 

sappoiting the npi^r incisor teeth, found constnntly in most 
lotver Bnimals in the claaa of mnrnmalu, but op to the time 
of Goethe, never detected in man. "The strange case now 

I occurred," wrote Goethe, "that the distinction between npea 

I and men was made by ascribing an inter- maxillary bone to 
the former and none to the tiLtter ; but as this part is nminly 
remarkable because the upper incisor teeth are set in it, it 
was inconceivable how man should have the incisor teeth 
and lack the bone." Goethe therefore determined that man 
must possess the intor-maiillary bone and began his Bearch 
for it in every skull that came in his way. After examin- 
ing a great number of ekulls he found it at last an inde- 
pendent bone. Every skull posscssca it, butas age advances 
it unites with the superior maxilla so closely that even 
the line of union, like that of the halves of the frontal 
bones, ia completely lost to view. During the whole of 

, fffital life it may be readily demonstrated in every case, 
often too in early infancy it remains still isolated except by 
membranous connection, but only as the greatest rarity may 
it be observed in later life. Goethe was fo fortunate as to 
encounter such an unanchylosed specimen and thus could 
forge another link in the chain of evidence for the theory of 
descent. "Thus much," said Goethe in summing up his 
animal life, "thus much, then, wo have gained, 
that we may assert without hesitation that all the moro 
perfect organic natures, such as fishes, amphibious animals, 
birds, mammals, and man at the head of the Inst, were all 
formed upon one original type, which only varies more or 

. less in p&rta, which are none the less permanent, and still 
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daily changes Rnd modiiiea its fonn hy propagation." 
one hoB so tersely expreBsed the power of aiJaptation or 
adjuBtin<:nt lo external circiimetatices bb Goethe when he 
Miid ''the animal U formed by circumstances fur circum- 
atances." 

This same thought hod, however, already found espreeeiaD 
in a, difibreut tongue in adifierent part of .the civilized world. 

Eramnua Darwin, 

the grandfather of the author still living, whose name is 
now known everywhere, had arrived at the aame cohcIueIoiib 
without any knowledge of th« labors of Goethe or Lamarck. 
The doctrine of descent "pervaded the air," one might say, 
on observing its almost simultaneous enunciation in Ger- 
many, England and France. Eraamna Darwin publiahed 
hia ZooRomia in 1795, already recognizing at thia early 
period the changing structure of animal life under chaDging 
external conditions. 

Such is, iu brief, the early history of the filiation theory 
in its relation to conipanitive anati^my. When we come 
now to observe for ourselves the 

Anatomieal Mesemblance 

between man and the li>wer animals, we are struck with 
amazement that their relationslup was not noticed long 
before. The whole structure of the skeleton is glaringly 
ximilar among all the vertebrate animals. Confining our- 
selves to the highest types, we observe such close resem- 
blance between the bones of man and anthropoid apee as ta 
require intimate knowledge of comparative anatomy to 
declare which is which. The same remark might he made 
of all the internal organs. The difference between the brain 
of man and apes ia much less, said Vulpian, than between 
that of apes anil the quadiumaua just below them. We 
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- find, indeed, less diOerciico in Wiily Btructuro nn<l mental 
facuUJea between higher aad tower njini ttiuii Iniweeii liigher 
and lower species or races of man. Tlio rcIincmentB of 
cJiemiatry and spectroscopy have not been able to differenti- 
ate the blood of man from that of lower animal*. Tlie 
micioseopo ref usca to note a disCinguiiibiDg point betiveea 
tlio blood corpuacles of man and the dog. Finer evidence 
even than this, the same medicines, and the same diiieiueij 
produce the same eflects. Fost-roortem sections reveal to us 
the same lesions of structure in apoplexies, phthi»cs, hepatic 
diseases, brain affections, etc., common to all the higher 
forms of Lfe. "Many kinds of monkeys," Mr. Darwin re- 
lates, "have a strong taste for tea, coffee and spirituous 
liquors ; they will uIemi, a.i I have myself seen, smoke tobacco 
with pleasure." The enme author quotes from Brehm the 
assertion, that the natives of northeastern Africa catch the 
wild baboons by exposing vessels with strong beer, by which 
they are made drunk. They suffer also the same scourges for 
thcso pleasant vices, for monkeykind endure •'kaUenjammtr" 
on (he next morning in commoo with mankind. But Brchnt 
tells the story of an American monkey who after getting 
drunk on brandy, would never touch it again, and thus was 
wiser than many men. The taste nerves and the whole 
nervous system, therefore, is the same in the monkey as in 
man. Carl Vogt concludes from his numerous investigations 
that there is no doubt whatever that, according to the 
fundamental part of the brain, man, belongs to the ape. 
On comparing, says Qratiolet, a series of human and simian 
brains, we are immediately struck with the analogy 
exhibited in the cerebral forms in all these creatures. The 
convoluted brain of man resembles the smooth brain of the 
ooistitia in the characteristics of a rudimentary olfactory 
bulb ; a posterior lobe, which entirely covers the cerebellum ; 
a perfectly marked Sylvian fissure, and a posterior cornu 
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tn t!io lateral ventricle of the brain. And he it 
added, adds Vogt, the exixteni'e of a, central or iatenoediata 
lobe whidi occurs in alt apes. "Thus tlicro is a cerebral 
form peculiar to man and ape; and bo in the cerebral 
convolutioDs, wherever the}' appear, there is a, general unity 
of arrangement—a pian, the type of which is coinmaii 
to all these creatures" (Gratiolet). "But," Bischoff persists, 
"there ia no time when we may not differentiate the brain o£ 
a monkey from that of a man." "True," replies Mr. Dam- 
"else a monkey would he a man." The diSerence it only] 
difTerence in degree. As long ago observed by Wundt, aui-j 
mals are creatures whoso intelligence differs from men oul; 
by the degree of development. There exists between 
and brutes (mutes is a better word), no wider gulf than ia 
to be found within tho animal kingdom Itself. All animated 
organisms form a chain of connected beings without an 
interval. It is only "an antiquated psychology, with itH 
great variety of mental faculties, which draws here and 
there lines of demarcation." 

Man belongs to the division of vertebrates, the claaa 
of mammifera and the order of apes. But it is known that 
man did not descend from any of the existing anthropoid,' 
apes. No naturalist now maintains this view. Man is.{ 
known to have descended from a calarrhine ape with point 
ears, a hairy skin, a caudal extremity, arlmrcal in hobit, 
ancestral form, common to man and to existing apes. Nearly^ 
ten years ago, I>r. Barrago Francesco published a worfe,, 
bearing in Italian the title, "Man made in the image of God, 
was also made in the image of the ape." 

The Sand and itt Jlomologuct. 

Perhaps no part of the body will furnish a more satift-- J 
factory demonstratiou of the unity of structure, notwjth 
standing the difference of ex temal form, than the terminatioq. J 
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of the upper extremity, the hand in man or its homologue 
in lower animals. If we compare in this way the hand of man 
with that of the gorilla and orang, with the forcpaw of the 
dog, the flipper of the seal and dolphin, the wing of the bat, 
the shovel foot of the mole and the forefoot of the duck-bill, 
we shall find them to be composed of exactly the same bones, 
arranged in exactly the same order, with exactly the same 
connections. The breadth and thickness of the thumb in 
the gorilla, so much approach that of man, that, as Mr. 
'Huxley justly observes, there is more dissimilarity between 
the hand of the orang, which has one bone more in the carpus, 
and that of the gorilla, than between the hand of the gorilla 
and that of man. Indeed, the hand of man, the highest of 
mammals, more closely resembles the fore extremity of the 
duck-bill, the lowest of mammals, than any of the intervening 
types. As with the hand, so it is with every other member 
or organ in the body, the similarity of fundamental struc- 
ture betrays the kinship, the inheritance from the common 
ancestral type 

Comparative Embryology, 

But, comparative anatomy only sheds its full illumination 
over the field of biology when its light is turned upon every 
stage and phase of life. Hitherto it is only adult or mature 
forms that have been thought worthy of any consideration. 
In quite recent years undiscovered treasure has been dis- 
closed in embryonic life, a phase of existence almost wholly 
ignored, or at least studied only by the privileged few. 
What makes comparative embryology especially profitable 
in the study of the development of forms of life, is the fact 
that changes of structure occur in the embryo with such 
very great rapidity. The transformations of maturer 
types, which geological ages required to effect under the 
slow agencies of natural selection, are run through in the 
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fmtus in a. few w«;k8 or monthH. Thus we may observe, 
at different atages of foital life, phaRes of development 
and evolution, for whose recognition in mature forma 
we must appeal to the faulty records of tho prim- 
Eeval world. It is in the respect of ita completenesa, 
thus, that the evidence furnished by embryology is bo much. 
superior to that of palaeontology. And for thia evidence it 
may he claimed with eq^ual truth that it haa not beca 
"tampered with by the hand of man." 

Although the main facts in our present knowledge of 
embryology had been divulged as long as a century and a 
half ago by the eminent German naturalist, Caspar Wolff, 
and although the full hiatory of embryonic development of 
animals had boon eihauatively studied by Pander and Bar 
within the first quarter of this century, yet it was not until 
tho present decade, our own day, as it were, that we have 
become familiar, through the labors of 

Erfut Haechel, of Jena, 

with the developmental phenomena of fcctal life, and ttieir 
signilicanee in comparative anatomy. Hneckel conceived 
the happy idea of placing accurate representations of the 
fcetusofdifrerentanimalSgincludiDgman, in parallel columna 
that their resemblance, one might almost say, identity of 
form and structure, should be apparent at a glajice. No one 
may look upon these rcpreBentations of the fcetua of man, 
the dog, the chicken and the tortoise, with an unprejudiced 
eye, and fail to be convinced of their unity of structure. 
The general eon formation, the position of the upper and 
lower extremities, are the same in every fcetus; the various 
vesicles of the brain are alike present in each ; the organs 
of the senses and the viscera are similarly located and dis- 
posed ; and each haa a caudal termination projecting between 
the lower extremities. 
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Perhaps tho most itrikkig feature rommon to every ftctus 
is the tt)V/ of brancliinl clefts on tlic Hader UDd Intern] sur- 
faccof the neck. Tho human fa^tus present*) thi.'ne figures 
as distinctlf bm every ether. But it is only in the fUh that 
these clefts persist to become developed into the gill ttrches 
supporting the leaves formed by the ramifying pulmonary 
vessels, "the flahea ears," properly, iu lungs. The gill 
arehes of the human and most other Tertobmte fintiia are 
lubsequently absorbed in the formation of tho jnw and organ 
of hearing, but their eiistence at an early period of embryo 
i incomprehensible iu any other light than that of con- 
struction npon the same fundamental plan. At a still 
earlier jMsriod in the life of the human f.ctus, tho arteries 
1 arehea to these brnnchial clefu and some time after 
tho BuperflueuHarcheB have shriveled away, the branehiol 
clefts still remain as landmarks of their former place. Tho 
arch of the aorta, and the arches of the subclavian arteries, 
irc the last relics of the vascular arches of earlier dates. 

In the human fuitus, aa in that of all vertebrate animals, 
the heart is at first only a dilatation of the aorta, a simple, 
»pindlc-shapcd, pul&atile vessel without septa or valves. 
The human fottus has al^, In common with the rest, a pair 
of Wolffian bodies, in lieu of kidneys, and its excrtta, like 

■ the rest, are voided through a cloacum. The convolutions 
of the brain of the human foetus at the seventh month 
nearly exactly correspond to thoee ot the adult hiboon 
Ur. Huxley makes the remark, that it is only "quite m the 
later stages of development that the young human being 
presents marked difterences from the young ape, while the 
latter departs as much from the d(^ in its developments as 
^^_ man does. Startling as this last assertion may appear to be, 
^^K it is demonstrably true." 

^^H Embryolf^y reveals to us the signiRcunce of orgaaa and 
^^H^ ■trautureB like the Wolffian body and duutua veuosus, or 



nrachus, etc., nnd at the same time reconciles otlierwiae tUa- 
cordaut features in -comparative anatomy. The duvelu[>- 
mcnt and formation of the lower extremity may serve as an 
example. Tlie similarity of structure of the upper extremity 
among all vertebrate onimola has already been mentioned. 
It id easy to recognize the same bones, iu the same order, 
arrangement and connection, etc. But in the lower ex- 
tremity tliia harmony ia apparently not observed. Thus, 
in the leg of the bird, we may observe the femur, below it 
the tibia, but in place of the tarsus and metatarsus, there is 
only a single bone to which the phalanges are attached. 
Here is agrosa dissimilarity which strongly militates against 
the unity of structure. If we turn, however, to the develop- 
ment of the bird iu the egg, the disaimiiarity ia dissipated 
at ouce. For we find iu the fetal bird, first the femur, then 
the tibia, below it two bones to eonstituto the tarsus, and 
below these two short, thick bones, nnd parallel with each 
other, are three or four long, slender metatarsal bones to 
which are appended the phalanges. The upper tarsal bono 
Bubsequeutly coalesces with the femur, the lower with the 
tibia, the mctataraal coalesce with each other to form one, 
and thus is the leg, as well as the wing of the bird, shown to 
be constructed from the same fundamental form. "In 
short, the history o£ development," as Oscar Schmidt ob- 
serves, "which describes the gradual formation o£ the organ- 
ism, is at every step a beacon to comparative anatomy." 

While we are considering the lower extremity, I may call 
your attention to the fact that Carl Vogt has shown the 
foot of the gorilla to be more anthopoid than that of any 
Other ape, and the foot of the negro more ape-like than tliat 
of the white man. The bones of tito tarsus in tiie gorilla 
exactly resembie those in the negro; the ape has the same 
broad, flat, low heel ; the large toe ia thicker and longer 
than iu the other apes, but the toeii, on the whole, am 
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longer, more moveable and the tburab more opposable 
"Tlio posterior limbs of the gi)riILiL,"siiy» Huxley, "t«rmiiuilo 
in a rcnl foot, with a iiiuvoaUe great toe. It is a prcliensilc 
fuot, iE you like, but no hniid, a foot wliich ititrura from thut 
of man, not in any fundamental character, hut in mere pro- 
portions, in the degree of mobility and in the Becondary 
nrnmgeinent of its parts." 

T/ie Jiadiiiienianj Organs, 

Comparative unntoray, again, furniabeB a lucid interpreta- 
tion of the significance of thoiie obscure etrueturea in the 
body known as the nidimentBry organs. As anlmaU be- 
came subjected to different external conditions In the vary- 
ing history of the earth, now organs originated from time to 
time, or what was moat frequent, almjile structures become 
more and more perfeetcd until entirely dinbreut varieties 
bad been formed. These peculiarities of »tructuro were, of 
course, continuitlly transmitted by heredity. But as tlio 
sarrounding conditianscuntlRued to change, the adjustment 
Or adaptation to tlie% conditiona, necessary to secure the ex- 
istence and propagation of the species, would lead to tho 
gradual Bacrillco or retluction of organs, or porta, until at 
lost they would Ix: prescttt in a body, if present at all, in at- 
rophied or merely rudimentary form. Such rudimenta or 
traces of structures which continue to be highly developed 
among lower animals, everywhere abound in the body of 
man. Indeed, no system of organs ia tho body of man is 
free from structures thus reduced by di.-juse, and like ex- 
amples ore encountered throughout the animal aud vegetable 
kingdom. 

The wings of animals which hare lost the power of flight 
are examples of rudimentary organs. In the attrich, the 
emeu ond cassowary, the legs have gradually become enorm- 
ously developed, bccaiLso flight was unnccc^ary on account 
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tif the absence of beasts of prey, consequently tlie wings 
have become gratlualiy reduced by disuse. 

The atrophied lung of serpents and lizards and the aborted 
OTary of birda arc aluo examples of rudimentary orgaiis- 
The Blender length of the body of the snnke leaving no room 
for the pnir of lungs to which it is entitled, the one under- 
goes atrophy and the other compensates for its loss by its 
elongation. So the right ovary ia aborted in birda as a 
superfluous encumbrance in iveight. Teeth which never cut 
through to appear, as those in the embryo of the whole and 
ox, cyca which do not see, as those in niolea and under- 
ground mice, cave beetloa and crabs, etc., tlio hind leg bonea 
of whales and boas, which never develop, are additional ex- 
amples of rudimentary organs. 

Bone Budimente. 

When we come to the body of man, we encounter, as has 
been aaid, rudimentary structures in every system of organa. 
Perhaps the most striking example in the bony skeleton ia 
the coccyx, the rudimentary tail. The individual bonea of 
the coccyx are each but traces of wholo vertebras as they 
are composed of the detective central bone, without any o£ 
the characteristic processes. Occoeionnl monstrosities ex- 
hibit the coccyx of unusual length. "It is in monstrosities," 
it has been said, "that Nature reveals her secrets." A 
distinct rudimentary structure ia sometimes found at 
the lower extremity of the humerus. It is a email 
hook-Iiks process of bone projecting downwards towards 
the inner condyle, with which it is sometimes connected 
by a band of fibrous ligament. It corresponds to the 
BUpra-condyloid foramen of feline animals, transmitting 
the brachial artery and often the median nerve and 
protecting them from compression during the coutrac- 
tion of muscles in seieiug and holding prey. This rudt 
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mCDtaiy proccea of bone, Lbough present in only aboat one 
per cenL, of recent akeletouH, is much mun; commonly met 
iu undent specimens ; tlms Diipunt found thirty per cent. 
of humeri perforated in the caves of the valley o£ the 
Lesse, belonging to the Reindeer period. 

Mmde Rudimenti. 

The muscular eyatem is peculiarly rich in rudimentary 
structures. Bemnanta of the panniculus carno9UR, the great 
surface muscle of the horae, are met in the platyama 
myoides, the surfiice muscle of the ncct, and in faacicuti in 
the axillce and near the ecapulsa, aa also in the superficial 
muBcles oE the sculp ao markedly developed still in some 
people. The eitrinEic muscles of the ear are typical rudi- 
mentary structures. These muscles are highly developed 
among wild animals and give the external car its quick 
motion in different directions to catch the faintest sounds. 
As the animals became domesticated and the danger less- 
ened, the muscles gradually atrophied. Many do^ and 
rabbits, the latter tbc most timid of all animals, have thus 
in security lost the power to "prick up" the ears, which hnvo 
become in time long and loose appendages. Though careful 
diasection will reveal traces of thess muscles in man, their 
power ia lost except in rare cases. The intrinsic muscles of 
the ear have become more .rudimentary still, and the ability 
B parts of the auricle upon each other is entirely lost. 
The rudimentary muscles about the coccyx, the relics of the 
powerful muscles of the tail in the lower animals, are 
worthy of mention in concluding the esampica from the 
moacular system. 

Sudimenls from the JXgeslive System. 




The digestive system furnishes two notable rudimentary 
Btmctures. One ia the wisdom tooth. On account of the 
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softer character of the food in cmlixcd life, Ices mastication 
is required, consequent!? the length of the jawa is being re- 
duced and room ia scarcely ajforded for all the List molar 
teeth. The very last is the last to appear and the first to 
fall. It haa now hut two fangs, whereas in ancient skeletoiia I 
it possesses three, the number normal to molnr teeth. It is 
the must caducous of all teeth and is slowly becoming rudi- 
mentary. Tho absence and not the presence therefore of 1 
the last molar tooth will have to be regarded as tho sign of 1 
"wisdom." The other example from the digestive system 
tho vermiform appendix. The preparation of the food lias | 
become sueh a science as to limit the period of digcstio 
the body. It might, indeed, he said that the food ia largely ' 
tligeatfid by the cuisino before its ijigcstion into tho body. 
Conseiiuently mnch of the capacity of the aliuicntary canal I 
haa became superfluous. The head of the large intestine, 
which forms almost an additional stomach in the gramnivora, 
and is three times the length of the whole body in the mai^ 
aupial koala, ia very much reduced in tho carntvora, whoae I 
food contains but little indigeatible matter, and is greatly 
reduced in the omnivora, as in man. The vermifornt I 
appendix iii the shriveled remnant of the great ccccal recep- I 
taculum of the lower animals. In the orang-outang itia 
still a long convoluted tube, but in man it ia reduced to the 
size of a quiil three or four inches in length, mostly blocked 
with mucus. It ia often entirely absent. 

Other Rudimenbi. 

From the ncrrouB system tho most striking rudimentary 
organ ia the liluni terminale of the spinal cord, the continu- 
ation downwards of the en velopaof thecord to the extremity 
of tho coccyx, the relic of the prolonged cord of tho lower , 
animals. 

The short hairs over the whole surface of the body ai 
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the lanugo or wool of the foetus over the whole surface, ex- 
cept the palms of the hands and soles of the feet, where it is 
absent in most of the lower animals, are clearly rudiments 
of the universal hairy coat of these animals. Occasionally, 
a 'reversion' is encountered in the birth of an Esau with a 
hairy coat. 

The eye and the ear each possess a rudimentary structure 
of curious interest. At the nasal angle of each eye is a 
small, semi-lunar fold of mucous membrane, the plica semi- 
lunaris, which is clearly a rudiment of the nictitating mem- 
brane, the third or inner eye-lid in mammals, birds and rep- 
tiles. In these animals the nictitating membrane is fur- 
nished with a muscle to secure its extension across the entire 
globe of the eye, in protection of the retina from too great 
light. Sufficient protection is afforded in man by the 
more highly developed lashes, lids and iris, and the nictitat- 
ing membrane has become reduced to an insignificant frag- 
ment. 

At a point about at the junction of the upper and middle 
third of the helix of the external ear there may be commonly 
seen a small blunt point projecting towards the antihclix. 
Mr. Darwin had his attention directed to this projection by 
a celebrated English sculptor, and he docs not hesitate to 
interpret it as the "point of the ear" turned in, the vestige of 
formerly pointed ears in the primal races of man. "In 
many monkeys," he says, "which do not stand as high in the 
order as baboons and some species of macacus, the upper 
portion of the ear is slightly pointed and the margin is not 
at all folded inwaY-ds ; but if the margin were to be thus 
folded, a slight point would necessarily project inward and 
probably a little outward." Whether this point be so re- 
garded or not, it is pretty generally accepted that the wliole 
external ear, the auricle, having become an immobile shell, 
hence useless, should be considered as a true rudimentary 
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structure. When all its involutions are filled with wax bo 
as to make its internal aspect a plane surface, or when it is 
entirely removed, as by accident or operatioD, the sense of 
bearing is in do waj impaired. 

Ejplanatione of Budimentt. 

The esplanatioDH offered to account for these rudimentary 
Htruetures m man on any other theory than that of inherit- 
ance from a common type and reduction by disuse, arc as 
irrationul and ridiculous as those to account for the existence 
of fossils, and serve simply to show "the embarrassment and 
distress which their presence hfis occasioned." It was 
claimed, for instance, thut they were furnislicd to animala 
having no use for them, to sustain the general plan of crea- 
tion, or for the sake of symmetry, "just as doctors in the 
army and navy are made to wear small and useless swords 
to bo in keeping with the officers of the line." But the en- 
dowment of the highest animals in tlio scale with organs 
which are not only useless, but sometimes absolutely injuri- 
ous (dcathshave occurred from impaction of the vermiform 
appendix with fruit-seeds and stones), would notseem to be 
in keeping with a very high design or order of creation. 
This explanation, therefore, is sufSciently ridiculous, but 
another oiTercd by an eminent physiologist reaches the very 
climax of absurdity. It is claimed for these rudimentary 
organs that they serve to excrete matter that ii 
injurious to the system I 

Mr. Lyell says, in his Principles of Geology, that he asked 
Lamarck m the year 1807, when he was in his 84th year, by 
what facts and reasonings he had been led to entertain hia 
views, "and he told me that he owed his convictions to the 
lectures of Geoffroy St. Hilaire, to which he had listened in 
the early part of this century at Paris. That great zoologist, 
he said, never lost on opportunity, when he spoke of liia 
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mdimentary organs found in so manj' imimals, of pointing 
out tLelr bearing on the theory of trutiainutatioD. Accord- 
ing to liim, tlicy were clearly tlie rulics'ot parts which had 
been eerviL'cable in sutno rcraoto aticc^stor and had been re- 
duced in Eize by disuse, and he rejected tlie idea as pui^rile 
that useless organs had been created for the sake of 
uniformity of plan." In truth, tliere ia ubBolutoly no scien- 
ttiie eiplanatiun for these rudimEntary structures other 
tlian that of inheritance from a comoion ancestral form nod 
gradual suppression by disuse, because of subjection to con- 
ditions, in which they are no longer of avail. 

We have dwelt at length upon the most marked examples 
«£ these strange traces, without having by any means ex- 
hausted the list, Iwcause of their peeuIiarEignificance in the 
interpretation of the development of life. What the germ 
is to the future, is the relic to the past. Rudintentsaro like 
tlie blocks of ancient temples incorporated into the modern 
edifices which have taken their place. But they diUbr from 
them in being of no use. They arc fragmentsof the crumb- 
ling columns of antiquity. 

No testimony is more convincing of man s place in nature 
than that so speakingly furnished by these rudimentary 
structures. For, as Jlr. Darwin has eloquently expressed 
it, (I take the liberty to interpolate a single line), by 
them we see that man with all his noble qualities, with 
sympathy that fuels for the most abject, with benovo 
lence which extends not only to his fellow-man, but to the 
humblest living thing on earth, with on imagination that 
outrivals and mocks for expression his marveloua gift of 
speech, with a Goil-like intellect wliich baa penetrated to the 
Btructure and movements of the heavenly bodies — man, 
with all these exalted i>owera — still bears indelible, in every 
orgrin of his frame, the stamp of his lowly birth. 
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In conduding our consideration of the eToIution of life 
we have to-day to study the forces or laws which prcserre, 
perfect and diversify its forois. I desire to state, at the 
start, that though I shall quote from very maoy nuthorities, 
I am iudebted for many of the facts which I »hall present 
you to-day, to the publications of Darwin, and for moat of 
them to the NatHrliche Scliop/ang'a-getnhichte (History of 
Creation) of Haeckel, a work so complete and comprehen- 
aive, as to have elicited from Mr. Darwin the statement, in 
the" preface to his Descentof Man, "If this work had appeared 
before my essay had been written, I should probably never 
have completed it." I am led to present you this aapectof 
the subject simply to complete the evidence for evolution 
with its most important proof. 

The overshadowing law wliich insures the perpetuity 
of form, is that of 

LiJicntabiUty. 

That "like begets like" ia a proverb in every language. 
The law of inheritance is so uuiver.'wlly recognized ani}' 
acknowledged as to be accepted as a matter of course. I 
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the breach and not the observance of the law which molces 
it the subject of comnieiit. The birth of a child with webbed 
«r supemnraetary fingers or toes calls up the history of the 
remote ancestry in its cxploniition. The cohesion of the 
family, which is the sitfeguard of the state und nation, rests 
upoD the acceptance of the principle of heredity. The law 
of heredity, if wc may be allowed to coin the word, sccuroa 
to the oflspring not only the reproduction of the general 
form of the parent, but also the exact repetition of every 
physical and mental feature, characteristic of the parent. 
There were families in K*>me which received from the shape 
of the nose or lips the titles of the muona, labeoncs, buoamet, 
etc. Aquilinenosesore still trausmittedamong theposteritf 
of the Bourbons. The Hapaburg (Austria) lip is a pecu* 
linrity woctliy of mention in this connection. The Prusuan, 
kings are noted for their stature. Obesity, color, tempera- 
ment, longevity, are all strictly transmitted by heredity. 
Vices of conformation, defonnities, diseasea, Bre alike re- 
produced in theo^pring; moles, freckles, tumors, appear 
in the o^pring tn exactly the same spots as in the parents. 
The ancestral iiiatory is carefully examined by the physician 
in establishing hia diagnosis of disease. Affections of the 
respiratory organs, «.(;., tuberculosis; of theglands, scrofula; 
of the nervous system, epilepsy, are especially liable to be 
propagated in the offipring. Traits of mind are transmitted 
with equal fidelity. The family of Miltiades furnished 
heroes, of Pericles politicians. In the family of Bach there 
were no less than twenty-two musicians. For a generation 
B of Graeie was venerated in medicine in Berlin, 
andio Boston generations of Warreus have been distinguished 
physicians. So for generations the Rothschilds have 
been renowned for a. special talent in the acquisition 
of wealth. The horrible cruelties of the Boi^us are 
Goauterbalauced in some degree, to the credit of IttHj, 




by tho refinement and culture of the Florentine Medici, 
It is hardly necosiary to state that the law of transmisaion 
holds with equal force throughout the animal and vc^tabla 
kingdoma. Albinoea, i. e., ajiimalB devoid of color, have 
been propagated as a separate species among rahhits and 
mice, as well as among men. Paraguay is noted foraepecial 
race of hornlexs oxen, bred from a bull born in 1770 without 
boma. The harmless character of the animal made it the 
subject of special selection in breeding, until a whole race 
was thus obtained. The well-tnown case of the otter sheep 
in our own country is a good illustration of the force of 
heredity. A Massachusetts farmer discovered one day 
among his flock an individual sheep "with a aurpriaingly 
long body and sftort and crooked legs." It occurred to the 
farmer that this development would be advantageous in 
ronderiug leaping impossible and thus checking depreda- 
tions upon a neighbor's property. He forthwith bred from 
this individual with the desired result, and his neighbors 
following bin example, the sheep of tVIasHucbuBeUs soon 
became noted for their staid decorum aod profound respect 
for others' lands. 

Tranamiseion of Aeqidred Def&tU. 

Even acquired defects are sometimes transmitted. Thus 
Brown-S6quard produced epilepsy in some guinea-pigs by 
injuring certain parts of their brains, and this artilically- 
induced epilepsy appeared spontaneously in all the offepring 
of the diseased animals. Haeckcl states that a race of 
tailless dogs was once propagated by persistently cutting off 
the tails of both sexes of the dog for several generations. 
The same author narrates that a, few years ago, on an estate 
near Jena, a bull bad his tail wrenched off by the careless 
slamming of a stable door, and "all the calves begotten of 
tMs bull were bom witbout a tail." 



JTomochronoui Trangmitiion. 

80 Btrong is the force of heredity, that diseases und defects 
are uot anij tronsniitted, but they are trausmilt«d honio- 
chronously, tlmt ia, to appear in tlio oKapriag at the same 
age in which they were manifeated in the parenb;. Diseases 
of the lungs, liver and bruin occur in the child at the Hame 
period of life as in the parent before it. 

Atavum. 

Bat under the laws of heredity the offapring msy resemble 
not BO much its parents as its grandparents, or ancestry 
even more remote. This ia the phenomenon of atavism, na 
it ia called. How many peculiarities or eccentricities might 
we not be able to explain, if we could only sum up all the 
atoms of being that have come down to us from the bodies 
of our ancestors in regular line. Oliver Wendell Holmes 
bases several of the beat ebaractera in bis novels upon the 
influence of heredity aa far hack as eon be traced. Wo ob- 
serve this phenomenon of atavism in the everyday history 
of acme of the lower animals and plants. The ])lanarian 
worms, for instance, as well as the fcma and moasca, beget 
forms entirely different from themselves, and it ia only in 
the offspring of theae difTerent forms that the image of the 
first parents ia reproduced. This alternation of generation 
was first remarked by the poet Chamiaso, during hia voyage 
around the world in 181!>, in the case of the aalpte, amall 
tranaporent atmcturea, which float like particles of glass on 
the surface of the sea. In studying the habits and life 
history of these animals, Chamisso observed that the parent 
form, which has an eye of crescent or horaeaboe-ahape, pro- 
duces oSdpriiig with cone-shaped eyea, hut in the offspring of 
the offspring, the grand-children, ao to speak, the original 
eye of horaeshoe-shape reappeara. Among other animals a. 
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still greater number of altcrnfttiona manifeats. The 
buoys, for inBtonce, skip over three genemtions, nnd plant 
lice ten or twelve, before the original form reappcuni. 
E'triinge as this alternation of form sccma at first, it is really 
nut more etrange than the difibrcnt phases of development 
flt different ngea in the life of every ftnimjjl and plant, and 
it is ill this light, therefore, of successive phases of dcvelop- 
mcat, that wo may regard these ■various alternative forma. 
We shall have later explanation for the fact so often ob- 
served in man, and even more frequently among the lower 
aiimals, that indivicluals are occasionally bom which repro- 
duce in form and character some ancient ancestor, or a 
type 80 remote as to have become almost extinct. Horses, 
for instance, occasionally show such reversions to the zebra 
or quagga in stripes across the shoulders or along the spinal 
column, and puppies and heifers are sometimes bom which 
revert iu form to types long extinct. 

Thus, then, isevidencedthe force of heredity. It appears 
at first a great and incomprehensible mystery, "the mystery 
of mysteries" once it was called. Tlie exact reproduction 
of form and feature, vice and virtue, disease and deformity 
from structures — the sperm and germ cells — beyond the 
power of vision with the naked eye, would seem a problem 
beyond the limits of human analysis. "If the naturalist," 
said Virchow, "cared to follow the custom of historians and 
metaphysicians in clothing phenomena, which are in their 
way unique, with the hollow pomp of ponderous and sound- 
ing words, here would be his opportunity." 

The PhyeifX of Beproduclion. 

But a close observation of the method of reproduction 

among the lowest forms of life reveals an entirely material 

process, cognizable lo the human mind. That is, it is not 

necessary iu its comprehension to take refuge under a 
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"miracle." The process of reproduction is n growth beyond 
tho nuturol limit of size. In tho amoeba, for instance, a 
tiiniplo, irn^lar, geliititioiis, maftt of protoplasm, reproduc- 
tion ia eileclcd by tho reparation from tho pnrcDt of a pro- 
truded particleuf protoplasm, con taining atoms or molecules 
of Btructuro exactly like the main mans. The reproduction 
or proliferation of cells in a more complex body a tho same 
proceaa of ee])aratiun, mostly by division, of part of the 
protoplasm from the rest In tho highest animal, man, the 
offepring, the new body, is developed from cclla originally 
derived from each parent Tba ovum is as much a part of 
tlie matemal, and the spcrmatoxoida of tbo paternal, organ- 
ism, US the eye or any other organ, and the entire body of 
the child is only an n^regat« of cells multiplied and 
differentia ted from the Himple cells of the ovum and 
Bpermatoxoid. Tho child must resemble its parent becauao 
it ia uf its parent a part Itmuat resemble it just as a piece 
of coal detached from a mass must rcsomblo tho original 
mawL "Tho child, strictly upeuliing, docs not grow into the 
man, but includes g«rma, derived from its parents, which 
elowly and successively become developed and form the 
man." Some of these germs, however, may have descended 
from OR anucHtor more remote, luid lain dormant in the 
immediate parent, to l)ecome developed, under conditions, 
inexplicable a:i yet, only in the child. The pheiioroenon of 
rcvenion, or atavism, as it is technically called, thus ceases 
to be mysterious. Wo arc informed by those who have 
made the »he of molecules or ultimate atoms the subject of 
Bpecial fitody, that the minute ovum dln -i jn of an inch 
diameter), may contain as many as five thousand billions 
gemmulcs. Mr. Sorby states that the number of mole- 
cules in the germinal vesicle (granting that this con- 
stituent of the ovum is the only essential structure) of the 
■uammaliaii ovum, ia such that if one moloculo were U> be 
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lost in every second of time, tlio whole wonld not be 
hausted in seventeen years. Surely hero are sufficient 
particte^, as Mr. Thompson puts it, "for all tho require- 
ments of the most exacting biologist." In the reproduction 
of man the geniniides from both parents blend to produce 
the child. The question then is not; does the cliild resem- 
ble its parent; but whieh parent does it resemble mosit? 
Baid Goethe : 
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The force or law, therefore, which secures tho perpetuation 
of forms of life is the force or law of heredity. 

We tote up now the force or law which produces their 
Tariation. This force is that of 

Adaptation or Adjustment 

to the surrounding conditions, as effectea in alight degree, 
eoniparatively speaking, by artificial, and in high degree, 
through the inconceivable ages of the past, by natural selec- 

The proofs of the evolution of forms of life, and their 
Yoriation from each other, based upon theaetiou of artificial 
and natural soleetion, are the most convincing of all. From 
ao liistorical standpoint, they are also the moat interesting, 
as having been the means of securing the adoption of the 
theory of descent. If we had observed the proper chrono- 
logical order in exhibiting the facts bearing upon this sub- 
ject, according to the period of their disclosure, we should 
have first discussed the action of artificial and natural selec- 
tion. Lamarck had propounded tlie theory of evolution, 
it is true, but bis views were regarded as visionary, until 
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proofs were advanced by a later observer, establishing it 
almost beyond dispute. It is almost unnecessiiry to state 
at this stage of general information on this subject, that the 
name of this later observer is 

Charles Robert Darwin, 

The conclusions reached by the investigations of Mr. Darwin 
mark an epoch in biology as distinct as those of Galileo in 
astronomy, or of Newton in physics. Like these most dis- 
tinguished men, Darwin disclosed not a single discovery or 
isolated fact, but a grerit underlying principle, more far- 
reaching, however, in its conclusions and influential in its 
effects in relation to the position and prospects of mankind, 
than any preceding revelation in the history of science. The 
train of thought and study which led to these conclusions, 
he has himself described in a letter to Haeckel, October 8, 
1864, from which is the following extract : "But for some 
years I could not conceive how each form became so excel- 
lently adapted to its habits of life. I then began systemati- 
cally to study domestic productions, and after a time saw 
clearly that man's selective power was the most important 
agent I was prepared, from having studied the habits of 
animals, to appreciate the struggle for existence, and my 
work in geology gave me some idea of the lapse of past time. 
Therefore, when I happened to read *Malthus on Popula- 
tion,' the idea of natural selection flashed upon me." 

'*Sonie few, whose lamp shone brighter have been led 
From cause to cause to naturu^s secret head 
And found that one Axed principle must be/* Dryden. 

Difficulty of Classification. 

Darwin had hitherto always entertained the view, in com- 
mon with all naturalists, that all species of animals were 
separately and independently created, and were consequently 



iminutable in form. But, to eaj notbiog of any other objec- 
tion to tUie vieiv, there remained Blwnys the insurmountable 
difficulty and diaagrecmcnt as to clussifiuitiun. If species 
were separate aiirl immutable, cloBsilication ehould have 
been simple and easy. Speciii! features should have readily 
marked special varieties. The truth was, however, that no 
two Koolo^ifta or botanists agreed iu their divisions. We 
might take as on example one of the commonest European 
plants, the IIiera<.'ium. Bome 300 apcdea of this plant were 
recogoized in Germany, but the botanist Fries only ad- 
mitted lOG, Koch but D2, and others only 20. The same 
difference is met with in the case o£ the brambles. One 
botanist claims 100 different species, another i30, and a third 
groups them all into 5 or 6. In zoology there ia as much 
disagreement. Thus Bechstein dislinguishea 3G7 speciea of 
German birds, E(!ii;henlMu;h 379, Mayer and Woltf 406, while 
Brchm is able to find special characteristics for no less than 
90O species. From such gross disparities in clossiBuation, it 
is plain to see that the specific differences assumed must 
have been lai^ly arbitrary. On the theory of adjustment 
or adaptation to different surrounding conditions, the 
varieties of species are easily understood. The habits of life 
determine the species, and as these habits must change with. 
the continual changes of the external conditions, the muta- 
tions of form, "the specie?," are limitless. 

Artificial Selection, 
It was the radical changes that man was able to effect in 
the domesticated animals and plants which gave Mr. Darwin 
the clue through the labyrinth of the different xpccies. It 
might be said that we make new species ourselves every day 
in the cultivation, i. e. domestication, of wild nnimala and 
plants. We cripple the wings of ducks anil fowls, and re- 
duce to rudiments the ear aiuscles of rabbits and dog^ by 
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ply removing them to jilaccs o( security. Captivity 
nearly entirely arrests reproductiun iu elephant^l, bears and 
monkeyB, or changes ita whole character. The common ring 
enake, for instance, lays eggs which are not hatcheii out for 
three freeks, but if the enakc be confined io a cage it does 
•not lay egga at all, but rctaina thorn in the body until 
development id complete. The very radical change from an 
oviparous to a, vivix^aroua anini.il is thua artificially produced. 
Agardner can produce any colored flower almost at will, 
alter the leaf or stem, dwarf or develop any peculiarity, by 
changing the external conditions. 

Perhapa the pigeon-breeders make the moei abnndaut 
and most striking espcriments in the modification of form. 
The art of piegon-breeding is said to bo very ancient. The 
EgjpLiana engaged in it 8000 years before Christ, and the 
Bomims in the days of theEmperorHhod already commenced 
to rcconl the ]>cdigreu of certain epcciee, as the Arabs that 
of their horn's, or aristocrats among men tbat of thcmselvea. 
The court of Aljder Khan in Asia, possessed in the year 
1600 more than 20,000 pigeons. Inter-breeding and cross- 
breeding, suhjection to difTercot binds of food, to different 
climate^ to tho multitudioits differences embraced under 
tbe general term surrounding conditions, have, in the course 
of centuries, produced more than 150 varietietiof pigeons, 
each one of which is eo distinct from tUe other as to have 
been regarded as a separate species. Among the most 
marked varieties or species, we may mention the fan-tailed 
pigeon, in which the number of tail feathers bos been 
increased from ten or twelve, to tliirty or forty, the pouter 
vrhicb is endowed with an enormous crop diBtensible with 
air, pigeons with periwigs, or with peculiar, often grotesque 
transformatiana of tho heak. and feet, pigeons with singular 
habits, aa carriers, or, most remarkable of all, bs tumblers. 

The alterations thua artificially effected may extend 



94 THE STKUGGI.E FOK EXISTENCE. 

even to the ekeleton, so that the eliapo or Dumber of 
iU most essential bones may be modified in a high degree. 
Thus Johtt Sebright, a celebrated London pigeon fancier, 
absolutely maintained that he could produce in pigeons 
any variety of external form in one year, and any change 
in the hones in five years. And yet all these varieties, thu^ I 
artificially or naturally produced, are now known to be 
descended from the primary wild blue rock pigeon. Chickens 
have been produced by artificial selection with beaka bo 
short as to be incapable of fracturing and escaping from 
the shell. 

The same deviations of form have been noticed in all the 
domesticated animals. The numerous varieties or species 
of rabbits are all derived from the common gray rabbit, 
the various species of horso from the zebra or quagga; in 
short, all domesticated animals, and plants may he now 
readily traced back to primitive types, to which they 
naturally revert again, if allowed to run or grow wild. 

Having observed thus the radical changes of form which 
man is able to produce, Mr. Darwin undertook to discover 
some force or cause in nature which might clTeet the same 
changes. Here it was that the thought "ilasbed" upon liim, 
after a. perusal of Malthns' work, of the 

Stru'jgk for Existence 
entailed by numbers, and the survival of the individual or' ■ 
individuals most favored in some peculiarity, beat adapted 
to the surrounding couditions. 

Tho explanation of the varieties in the forms of life, 
by means of natural causes, hinges upon the really appall- 
' ing numbers of each species produced. Lianacns calculated 
that if an annual plant produced only two seeds (and there 
J8 not one which produces bo few) it would yield in twenty 
years a million of individuals. Sarwiu has shown ua of 
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elcpliants, wliicb nrc the eloweat of all aaimala to iocreoBe, 
that iu 750 ye3j^, the descendants of a feingto pair would 
amount to nineteen millions of iixHviduiila, that ia, suppoa- 
jng that every elephant, during its period of fertility (from 
the 30th to the 90th year), prwluccci only thrco pairs of 
young, and survived itself to its hundredth year. If we go 
doivn much lower in the Ecnle of animal life, go down to 
the microscopic infusoria, wo find tlicre numbers whielt 
absolutely daze us with their magnitude. Thus, Davaino 
has calculated that a single bacterium particle would, in 
the course of tweoty-four hours, become the parent of 4006 
such particles, in forty-eight hours, to over 16,700 eucti 
particles, and between the sixtieth and Eixty-sccond hours, 
their numbers attain to one to seventy-one trillions. The 
swiftness of manifestation and virulence of expression of 
the coDtagious disesAcs, supposed to depend upon the 
presence of such particles in tbo blood, corresponds thus to 
the marvelous fecundity of the parent germs. If each spore 
of one species only of the higher fungi germinoted and 
reproduced its parent, the children would, in the first 
generation, and in tho course of a very few days, form a 
carpet all over the earth. The increase iu tho number of 
hum&a beings — without any hindemnce — would double 
the total every twenty-five years. In every century the whole 
number would increase sixteen fold. "Tiie population of 
the United States alone would require, unchecked, but C50 
years to cover the whole terraqueous globe so thickly, that 
four men would have to stand on each square yard of 

But even this number of births conveys only a faint idea 
of the numbers of ova, which never develop at all. Every 
joint of tho tape-worm, for instance, contains thousands of 
^gs, which, fortunately for mankind, fail to find conditions 
tot development. The number of ova in tho humau being 
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iano less marvelouB. The recent inveatigationa of Sappey, 
respecting the number of ova developed and undeveloped 
in the-human female, ebow that Ihey exiat, at the period of 
full adolescence, to the numlier of neariy seven hundred 
tiiouaand. Even the more temperate estimate of Henle 
puts the original number of ova at not less than 36,000 for 
each ovary. 

Milliona, billions, trillions of living eggs are lost in 
animal life ; here and there one is born : and of the millions 
born, here and there one survives. Among the survivora, 
competition begins at once for the limited means of aub- 
Bistence. "Every organism struggles from the conituence' 
mcnt of its life with a host of enemies. It struggles against 
animals which feed on it, for which it is the natural food ; 
itstru^leaagainat animals of prey and parasites, it struggles 
against all kinds of inorganic influences, against heat and 
cold, against the weather, and above all, and most bitterly 
of all, against organisms most like itself." Whichever 
individual among animals and plants has some advantage, 
will be the individual to live, thrive, and propagate its Idnd. 
Thia constitutes what is known as 

Natural Selection. 
Hero comea, for instance, a summer of unusual drought. 
Thousands of plants perish for want of water ; a few happen 
to have hairy leaves. Tho baira on tlie leaves are hygro- 
scopic. They funiiah a larger surface for the absorption of 
water, so the hairy plants survive the drought, and prap»< 
gate their kind. Next summer, most of the plaata have 
hairy leaves. Island insects are wingless, or have winga re- 
duced to almost rudimentary state, while the same speciea 
on continents have fully developed winga. Wings are a 
great disadvant[^;e to island Insects, because, in soaring 
aloft, they arc swept out to aca and drown. Tho i 
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having the wings least developed are, on islands, the favored 
of nature to survive and propagate their kind. Natural 
causes thus easily explain the perfect adaptation of struc- 
ture to conditions without resort to supernatural design% 

• 

Protective Colors. 

Another example of natural selection is the coloring of 
the various animals. Some of these colors are distinctly 
protective. These animals resemble in hue surrounding 
inanimate objects. Arctic animals, bears, etc., are white 
like the ice and snow. In summer, when the snow vanishes, 
they too change color to resemble the gray or black earth. 
Desert animals, foxes, gazelles, lions, are sandy or fawn- 
colored. The birds and insects of the tropical forests are 
green; butterflies are variegated like the flowers; fishes, 
molluscs, etc., are colorless, or are scarcely distinguished in 
the sea. Through the crystalline bodies of many fishes and 
pelagic animals, the words on a printed page may be dis- 
tinctly read. Reptiles are spotted and striped and scaled 
like the bark of trees, or reeds, or leafy soil upon which they 
crawl. These colors conceal the animals from their foes, or 
enable them to creep unobserved upon their prey, and the 
individual whose color most nearly resembles his surround- 
ings is the favored of nature to survive and propagate his 
kind. 

Warning Colors. 

Other colors, Mr. Wallace has shown us, are warning 
signals. Certain butterflies and frogs are large and vividly 
colored. They fly slowly. It is to their advantage to be 
seen, because they are unfit for food, their juices having a 
disgusting odor and taste to birds and beasts of prey. Bees 
and wasps, stinging animals, are often thus distinctly colored 
to their safety. Mr. Belt tells us that in Nicaragua, there is a 
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frog whioTi ia vory abundant, which hops about in the day 
time, which never hides himself, and ivhiuh ia. gorgeouKly 
colored with red nnd blue. Frogs lire usually green, brown, 
gr earth-colored, feed mostly at eight, and are all eaten liy 
snakes and birds. Mr. Belt was convineed, therefore, that 
this colored frog waa uneatable. Ho Uiok one home and 
threw it to his dueka and fowls; "but all refused to touch 
it, except one young duck, which took the frog into its 
mouth, but dropped it directly, and went about jerking its 
head aa if trying to get rid of something uaaty." 

Sexual Selection. 

Kfttnral selection again cornea info play in the difference 
that exists between the two aexcs of all animals. In nearly 
al! cases, the male animal ie the larger and more beautiful. 
It has weapons of offense, tusks, spurs, antlers, teeth, etc; 
and of defense, manea to protect the veesels of the neck, 
skin coverings, etc., in its combats with rivals to secure 
possession of the female. Locked skeletons of atags are 
Bometinica found in the depth of forests, no many monu- 
menta of auch battle-fields. The choice of the female falls 
upon "the moat vigorous, defiant, and mettlesome male," 
and these peculiarities are transmitted to the offspring, or 
she selects the male endowed with the richest ornaments in 
plumage, or hue, or is attracted to the most melodioua 
voice, or sound, as in the case of singing birds, crickets, 
locusts, etc. Prof. Weiamarm baa recently shown that fresh 
water fleaa are brilliantly colored with patches of scarlet 
and blue as charms for the opposite sex, and that the matdcB 
with staring eyes upon the feeble caterpillar's back are 
"startling" or "terrifying" colors (sclirecifarben) "that Le 
may enjoy the-pririlegea so usually gained by the ass in the 
lion's skin." The choice in pairing resulting from the ex- 
hibition of these attractions, offered by the courting sex, 
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constitutes what is technically styled sexual selection. Wo 
have no time to fully consider the multiform manifesta- 
tions of sexual selection. You may recall, perhaps, the 
curious example mentioned by Tom Moore, in his "Loves 
of the Angels" : 

**For well I know the luster shed 
From cherub wings when proudliest spread. 
Was in its nature lambent, pure 
And innocent, as is the light 
The glow-worm hangs out to allure 
Her mate to her queen bower at night.*' 

The rattle of the rattlesnake is ialso such a call, and not a 
means of "striking terror," and thus causing its natural 
food to escape. What an idiotic idea, this last, that an 
animal should chase away its own food I 

It need scarcely be said that all these actions of natural 
and sexual selections are just as marked in man as in the 
lower animals. The male captured the female, vi et armis, 
in the middle ages, just as now in savage life. The strongest 
won. Nearly all the more modem duels concern the posses- 
sion of an individual among the fair sex. Charm of face 
and form, of voice and dress, are just as potent in man as 
in the lower animals. The top-knots and hirsute append- 
ages of the monkey find their analogues in the tonsorial 
decorations of man. The female bower-bird is no less 
attracted by the decorations in the way of shells and 
feathers and colored stones, with which the male bestrews 
his nest, than is the female of man by a solid bank account, 
and a three-story front. But there are, in continual opera- 
tion among the sexes, other higher influences than mere 
personal attractions, superiorities of mind and character, 
the conjunctions of which secure to the human race a ten- 
dency towards gradual perfection. 
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Complicatiom in Nalural Seleclion. 

ThG laiva of natunil seleation do not always work, how- 
ever, ill BUcli plain flnd eiimple channels. The must compli- 
cated eonditiona and relations sometimes manifeat, render- 
ing tilio tracing of the action of natural selection exceedingly 
difficult. 

Thus, there are email coral islands, whose inhabitants live 
almost entirely tipon the fruit of a species of palm. The 
fructification of this palm is exclusively effected hy insects, 
which, in feeding upon tho flower, bring the pollen 
grains into contact with the ova. Tlio existence of these 
useful iuaectB is endangered hy inaect-enting birds, which 
are, in turn, pursued by birds of prey. The birds of prey, 
however, often Euccumb to the attack of a email parasitical 
mite, which develops in millons in their feathers. This 
small dangerous parasite again may be tilled by parasitical 
moulds. 80 moulds, birds of prey and insects, favor the 
prosperity of the palm, and consequently of man; while 
the parasite, insect-eatiag birds, etc., put them botli in 
danger of es termination. I cite another case almost literally 
as given by Haockol. Paraguay is noted for the fact that 
it contains no wild cattle of any kind. All the countries 
arouad Paraguay abound in wild cattle, but there are none 
in this country but the domesticated cattle. This is due to 
the fact that there is aa itisect in Paraguay which lays its 
eggs in the umbilical cord oi tho young animals, and fi.nally 
destroys tho animal altogelher, If some animal should oriac 
which should prey upon this insect, wild cattle would bo 
again seen on the plains of Paraguay. As tlicse animals 
would consume some of the fauna and flora of the country, 
it is easy to see how its botany might bo entirely changed, 
and in the course of this change, the human population 
would have to alter. 
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Mr. Darwin's graphic ilisscription of the relation Iwtween 
Cat3 iumI red clover is always quoted in thia connection. 

Tim rod clover of England, which forms the very best 
fodder for cattle, rc(|uirea tlio visit of humming beca to ob- 
tain the formation of seeds. These insects, while Bucking 
llio honey from the bottom of tho flower, bring the polL'n 
in contact witli the etigmo, and Ihua cause the fructification 
of the flower, which never tatea place without it, Ked 
clover which is not visited by humming bees, docs not yield 
a single seed. Now tho number of bees ia determined by 
tho numlicr of their enemies, the most destructive of whieh 
are tlio field mice. The more the field mice prcdominato, 
the leas tho clover ia fructified, Tho number of field mico 
again depends upon the number of their enemies, which 
here, as everywhere, arc chiefly cats. Ilence, in tho number 
of villages and towns where many cats are kept there aro 
plenty of bees and jilenty of red clover. 

Now, as the cattle which feed on the red clover furnish 
the best roast beef in the world, and na it Iiiis been conclu- 
sively established that superiority of food determines, in 
great d^ree, superiority o£ ixidy and mind, and hence 
superiority among nations, it is an easy inference to ascribe 
this Buperiorily, with Carl Yogt, to tho influence of tho cats 
which kill the mice, which kill the bees, etc. ; much in tho 
order of the house that Jack built. Mr. Xluy.lcy, indeed, ia 
unwilling to stop here, na he traces back the chain of cnusea 
to those wlio cherish catif, the elderly unmarried ladies, to 
whom due homage should be paid for having secured the 
wealth and prosperity of the great English nation. 

A striking example of a radical change cfTected in plant 
life by a compllcatod natural selection is related by Francis 
Darwin, in his account of the analogies between animals 
and plants. The bright colore and sweet smells of Cowers 
Bza, as is now well known, only allurementa held out to in- 
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aocta to entice them to carry the fcrtiliBiug pollen from one 
flower to another. But there is a wild cabbage-like plant in 
Kerguelcn's land, which alone of the enormous order of the 
Cruciterts, is fertilised by the wind. The change in the life 
liJstory of this plant, which makes it such an exception, de- 
pends upon the fact thiit the inaecta in Kergaelcn'H land are 
wingless, and are therefore bad distributors of pollen. The 
insects are wingless, beeause the winged insects have been 
blown out to sea and drowned. "Thns the pollen of the 
cabbage Las to learn to fly, because the insects will not Hy 

1 quote one further simpler instance of the action of 
natural selection, because it contains in itself alone the ex- 
planation of the action of natural selection in its widest sense. 

Some sailora once let loose upon an isolated uninhabited 
island in the FaciSc Ocean a couple(niaIe and female] of pigs. 
They had an excess of these animals on board, and they 
turned them out to breed, perchance, for future ship- 
wrecked mariners. The pigs found upon the island im. 
abundance of food, and no enemies. They bred with char- 
acteristic fecundity, until the ishind fairly swarmed with 
pigs. Subsequently, other BailoTs put upon the island a 
couple of dogs. The pigs became the food for the dc^s. 
The dogs multiplied, and tbo pigs decreased. Finally all 
the pigs were destroyed, and then, of course, starvation 
killed the dogs. But during the long periods of super- 
abundance, abundance, and want of food, various modificon 
tiona ensued in the forms of both animals, making at 
different times, species very difierent from those first intro- 
duced- 

Prcaervation of the Individual aitd of the Bace. 

Here operated upon tliis isolated island in the Pacific 

Ocean the two great causes, everywhere at work, one of. 
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which insures the perpetuity of form, at least for a long 
time, while the other insures its mutation. Of these two 
great causes, one is the instinct which secures the preserva- 
tion of the species, viz., that of reproduction and the other 
is the instinct which secures the preservation of the indi- 
vidual, viz., hunger. 

So said Schiller long ago : 

Einstweilcn bis den Ban der Welt; 
Philosophic zusammenhSlt, 
£rhSlt sich ihr Getriebe, 
Durch Hunger und durch Licbe. 

Which I have ventured to translate very liberally : 

'*Until the earth is all explained, 
Without call on power above, 
Its workings still will be sustained 
By Hunger and by Love." 

I present you, thus, in this series of lectures, the barest out- 
lines of the state of existing knowledge concerning the 
origin and evolution of life, as explained by natural causes. 
We have considered the subject from the standpoints of 
pala?ontology, comparative anatomy, and natural selection 
only. Of these fields, we have had time to take only 
bird's-€ye views. The proofs offered by philology, the study 
of languages, and chorograpliy, the geographical distribution 
of animals, are no less clear and convincing. But these 
studies are entirely out of our special province. I refer you 
to the now familiar works of Mr. Darwin, of Mr. Wallace — 
whose discoveries really forced upon Mr. Darwin the publi- 
cation of his own views, prematurely, as he then believed—- 
of Haeckel, Schleicher, Geiger, Steinthal, and the recent 
epitome by Oscar Schmidt, for a full and complete state- 
ment of all the evidence. Evidence which may now be 
likened to an arch composed of many pieces, with palaeon- 
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tology and comparative anatomy as foundation stones at 
eitlier end, and natural selection as the key-stone in its 
center. 

I do not know how I may better close this part of our 
subject, now, than by repeating, with very slight modifica- 
tion, the recapitulation of Mr. Darwin at the close of his 
first and greatest work, the "Origin of Species." It is to 
]iis genius that we owe the whole elaboration and proof of 
the "Theory of Descent," as first advanced by Lamarck in 
1800, as it is to his marvelous collection of facts, his clear- 
ness of statement, and his candor, that is due its general 
adoption in every field of science to-day : 

It is interesting to contemplate a tangled bank, clothed 
with many plants of many kinds, with birds singing in the 
bushes, insects flitting among the flowers, and worms crawl- 
ing upon the bosom of the great mother earth. It is inter- 
esting to contemplate all these things, and to reflect that 
these elaborately constructed forms, so different from each 
other, yet so dependent upon each other, have all been pro- 
duced by laws continually acting around us. The laws of 
growth and reproduction ; a ratio of increase so high as to 
lead to a struggle for life, as a consequence to natural selec- 
tion, and the slow but certain improvement of forms. Thus, 
from the war of nature, from famine, and from death, the 
most exalted object which we are capable of conceiving, 
namely, the production of the higher animals, directly and 
inevitably follows. There is a grandeur in this view of life, 
with its several powers, having been originally breathed 
by the Creator into a few forms, or into one ; and in that, 
whilst this planet has gone cycling on, according to a fixed 
law of gravity — from so simple a beginning — endless forms, 
most beautiful, most varied, and most wonderful, have 
been, and are being evolved. 
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LECTURE VI. 
PEOTOPLASM AND ITS PROPERTIES. 

CONTENTS. 

The History of Histology — The Invention and Use of the Microscope 
— ^The Discovery and Doctrine of The Cell — Dcriv:ition and Im- 
port of The Cell— The Cell Wall— The Nucleus and Nucleolus— The 
Cell Contents or Protoplasm — The Annrba — The l*roperties of Proto- 
plasm — Motion — The Color Chanjjesof the Chameleon — Ciliary Mo- 
tion — Motion of Other Cells — Molecular Motion — Molecular Chanjjes 
in the Ovum — Parthenogenesis — Motion as the Essence of Repro- 
duction 

We have already seen that different machinery or appa- 
ratus i3 required to effect the various changes of matter and 
force. AVo convert chemical force or affinity into galvanism 
in galvanic cups, magnetism into electricity with iron bars 
and wires, heat into motion with boilers, cylinders and 
pistons, etc. That pliysical may be converted into physi- 
ological force there is requisite animal or vegetable matter. 
In our day, wo name this matter or apparatus protoplasm. 
In complicated arrangement we say the protoplasm consti- 
tutes an organism. In the study of physiology wo are 
engaged with the construction of the organism (instrument) 
which sets the force free, with the mode of action bv which 
it is changed to other forms, and with the various forms 
under which it reappears. 

As there can be no force without matter, tliero can be no 
knowledge of action without knowledge of construction. 

Our knowledso of the 
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Construction of tlie Body 
from an hialorical standpoint naturally falls under two 
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divisions, thai acquired before the discovery of the micro- 
scope and that acquired sintc. 

The older anatomisbi and physiologiats made UH acquainted 
with everything that could be seen with the nal;ed eye. 
They described the position and relations uE all tha organs 
of tho body, defined what we now consider the grosser 
cbarocteriatics of the various tisdues and established tlicir 
general properties. The older anatomists and physiologiata 
drew what wo ciiglit call the general outlines of all the 
structures of the body, and with a fidelity which is tho 
highest tribute to Uieir diligence and skill. We read witli 
astonishmcDt the accurate descriptions of Yesalius and 
Fallopiua, of Soammering aud Biohat, and with admiration 
the ingenious experiments of Harvey and De Graaf, But 
the older anatomists and physiologists could not penetrate 
ti} tho minute construction of tlie tissues. Histology in the 
true ^nse of the term, was a sealed and unopened volume. 
It was only with the invention of the microscope, mors. 
especially with its perfection, that such studies became 
possible. 

The Invention and Use of the Microscope. 



I 



Tlio honor of this invention is claimed by tho French, 
the Italians and the Dutch. Tiie truth is, however, that 
Icusea were in use, aa such, in ancient times. Ariatophanes 
informs US that globules of glaaj, known a3"burniugsphercs," 
were sold by tho grocers of Athens. It is hardly possible to 
imagine that the magnifyiug power of these spheres coulil 
have escaped observation ; indeed, we road in Senecai 
the "Natural Questions" the following statcraentin proof. 
"However small and obscure the writing may be, it appeais 
larger and clearer when viewed through a globule of glasa 
filled with water." So-called "water microscopes," consisting 
utnply of a drop of water attached to the end of a b 
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wire, were still in common use at the beginning of the 17th 
century. We have evidence of the ancient use of lenses 
for magnification in the engraving of characters and letters 
too small to bo visible to the naked eye. We would 
be hardly prepared to admit that vision was keener centuries 
ago than now, so that wo must believe the eye to have been 
aided with the lens. Thus Cicero speaks of an Iliad of 
Homer small enough to have been enclosed in a nutshell, 
and Pliny mentions that Myrmecidcs "executed in ivory a 
square figure which a fly covered with its wings." In fact, 
veritable lenses have been exhumed from Nineveh and 
Herculaneum. 

The microscope, thus, like every other invention, was in 
no sense a sudden discoverv. It reached from time to time 
a process of development, to then fall into oblivion for 
years, or for centuries, and be again revived with improve- 
ments to give it new impulse in its gradual evolution. 

The first individual to give the microscope permanent 
place among the acquisitions to the study of nature was 
Zachariaa Janssens, a celebrated optician in Holland 
(1590). As every discovery in every field of science sooner or 
later comes to be utilised in the study of medicine, it is not 
surprising to learn that scarcely 25 years had elapsed before 
Italian and Dutch anatomists (Malpighi and Leeuwenhoek, 
1628-1723), were busy with the microscope in the study of 
the human body. Though the instruments then in use 
were exceedingly clumsy and defective, it was with their 
aid that the most remarkable phenomena in nature were dis- 
closed. The last link in the chain of evidence establishing 
the circulation of the blood was only completed with the 
discovery of the blood corpuscles and capillary net work by 
Malpighi ; whose name is still transmitted with histological 
elements in the kidneys and spleen; and the essential 
element of the semen — to select only the most striking ex- 
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am pics — the Bpermatozoida were first described by Leeuwcn- 
}ii)ek, to Tvliom they had been ehowu by one of liis students, 
Ven Kamm, in 1077. 

But the rGVclatioiis of the microscope, at this period in i ta 
history, were, na Frey remarks, "moro in keeping witii tlie 
curioaity loving spirit of tho times, than with any definite 
principle or basis o£ investigation." Penetration to funda- 
mental Btructuro was atill impossiblo, until the study of 
histology had received fresh impetus in steps towards tbo 
perfection of tlie microscope, taltcn first hy Dutch and 
German opticians, Van Deyl and Prannhofer, iit the first 
decade of the present century. The eimplo lonacs of 
Maipighi and Leeuwenhoclc were now speedily duplicated 
many times, combinations of different lenses, of different 
tinds of glass, were soon arranged to obviate aberrations of 
Bpherieity and ehromatism, and "the cinmay and deceptive 
implement of the last ceutury was transformed into the 
elegant and accurate instrument of the present day." 

The DUcovny and Doctrine of The Cell, 

Now, then, for the first time, was rendered possible a pene- 
tration to the minute construction of the various tissues. 
A host of observers wcro soon engaged in hiatoluglcal xtudy, 
Muller, Purkinje, Wagner, Valentin, Hcnle, among the 
pioneers, and one distinguished above all the rest, ''not only 
on account of his own rescarclice, but also on account of his 
collocation and arrangement of the diseoverics of others, 
and his deductions tlience of general laws, which are to be 
regarded oa the foundations of modern histology" (Tizzoni). 
The "cell doctrine," as established by C. Th, Schwann 
(1S3S), marks the first great epoch in the modern science ol 
histology. 

According to this doctrine, as subsequently elaborated 
more especially by Reiehert, Kolliker and Virchow, every 
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tUsuc aad organ of every liriDg thing, plnnt or nnimnl, 10 
built up of an aggvegaUi of cells, or tho pruducta of ccllg. 
An organ, the whole organism, is an union of ccIIa, just its n 
state or aasocialion is an assemblage of ipdividunla. "The 
groiLtest discovery of tlio microscope is not, as miglit at first 
appear, the revelation of a new world of microscopic life; 
it is the discovery of the Bimple, elementary et met uro of the 
human body, and of every organised body ia nature ; it is 
the astonishing discovery that every living thing, from man 
to the invisible insect, from the oak t« the infusoria, how- 
ever different their apparent natures, are constnict<>'l npon 
one plan, from one and the same elementary fgrm" (Rouke). 

Shape and .SUe oj CdU. 

A typical cell is a spherolilal body, coneiating of an 
envelop {or cell wall), of ao-called cell contents (protoplasm, 
bioplasm, cytoplasm, aarcode, etc.), including a amaller 
eccentrically situated spheroidal mass, the nucleus, which 
in turn includes oue or more still smaller particles, nucleoli. 

Such a cell ia the ovum, or primordial cell, from which 
every organised body develops. The various parta of tha 
1 have, however, been dignified with sjiecial names. 
Thus the trnnaluoent wall is the zona pellucida, the contents 
form the yolk, the nucleus is called the germinal vemcle, and 
the nucleolus is the germinal spot The ovum difTcra from 
all other cells in the body of man in being visible to the 
naked eye. It ia the largest cell in the body, measuring 
yjg of an inch (0.21 mm.) in diameter. Hence, in describ- 
ing the size of cells, the ovum is put at one extreme, while 
at the other is placed the red blood corpuscle, with a 
J^jof an inch (0.0077 mm). Cells vary i« 
Kze between these extremes. There is full as great variety 
in shape. Fat cells are rounded, liver cells polygonal, 
epithelial cells flat er cylindrical, muscle cellsfuBtfenn, con- 



110 mroBT OF TOE cell. 

neetive tiasue cells filiform, ivliile bone cells, witli their 
radiating canal Lculi, and nerve celle, with llieir numerous 
polea and brigiit nuclei, present very peculiar, stellata or 
even fantastic sbajies. 

The whole body is thus reduced to cells of definite size 
and shape. We obtain, thus, the ultimate elementsoforgan- 
iaation. '"The cell theory in physiology corresponds to the 
atom theory in physics, but cells have the advantage over 
atoms, of being visible and available" (Kuaa). 

The question now arises which of the coustituenta of the 
cell, the wall, the contents, the nucleus, or the nucleolus, is 
tlie most essential element f 

Derivation and Import of the Term. 

It should be remarked firat that the term "cell" has now 
B. very different significance from its first use. The dis- 
covery of Schwann in histology was really based upon the 
discovery of Schleiden in botany, that pcctiona of young 
plants under the microscope presented the appearance of 
the cells of the honeycomb. Schwann observed that 
epithelial cells present the same appearance, hence, the title 
of his work, the TJebcTdnitimmung, etc., the similarity or 
Identity in construction of animals and plant^ and hence, 
the term cells. The first intimation of the cellular strac- 
ture of animal tissue was that of Johannes Muller, who 
showed that the chorda duTsalia of the fish consists of closely 
apposed cells with peculiar walla. Muller also first disUn- 
guished nuclei in the analogous celb of the chorda dorsalia 
of the frog. Besides the interest which attaches to this 
structure as the primitive vertebral column, the chorda 
dorsalia has also the additional historical interest of haviiig 
been the tissue in which "the cell" was discovered. 

If the tail of a dead tad-pole, after having been for 24 
hours in. watcTj be cut through at its point of origin and the. 
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chorda dorsalis expressed by gentle pressure from the head 
downwards, suitable particles of it may be examined under 
the microscope (best with a 6 per cent, solution of common 
salt). The cells appear of irregular polygonal form, those 
from the middle of the chord larger, those from the 
periphery smaller (Gescheidlen). We have now the picture 
first seen by Schwann. The likeness to the cells of the 
honeycomb or to vegetable cells is exact. It was a subse- 
quent elaboration of this disclosure at the hands of a num- 
ber of observers, the discovery that all the organs and 
tissues are constructed upon the same plan, so that the cell 
in modem histology means mo^e than mere form or shape ; 
it means the ground plan, the origin and individuality, the 
ultimate anatomical element, the chemical laboratory, and 
the physical and physiological centre in which all the 
phenomena of life are evolved. 

The Cell Wall 

As to the relative importance of the various constituents 
of the cell, it is known (Bergmann, Bischoff, Kolliker) that 
the embryonal stage of certain animals exhibits cells com- 
posed of nucleated contents entirely deprived of a wall. 
Moreover there are animals, whose whole life is comprised 
within the narrow circle of a single cell, consisting simply 
of a homogeneous mass of contractile substance, without 
either nucleus or wall. Again, there are forms of life, con- 
sisting of multiple cells or aggregations of matter, sponges, 
radiolariae, etc., devoid of wall and nucleus. So Max 
Schultze and Lionel Beale regard the wall as an addition, 
rather than as a necessary constituent of the cell. Accord- 
ing to Schultze, the subsequent formation of the cell wall 
indicates a limitation in the life of the cell, t. e., it is a sign 
of decrepitude, while Beale regards the wall as a product 
of the cell^ the formed material^ in disti|iction to the formr 
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ing, or germinal matter, the protoplasm, KiilUker looks 
upon the cell wnll aa the eign rnthw of full developmcDt 
and maturity. The cell wall, more dense and firm than the 
remaining constituenta, is the protecting envelop of the 
more de!icat« structure within, and at the same time regu- 
lates diffusion between ita contcuta and circuatambieiit 

Diffusion ia effected through the cell wall, when homo- 
geneous in structure, hy simple absorption or osmoMS, but is 
more directly efTcctad in some cases tlirough minutfl canals, 
which may be seen in transparent cells as fine lines or 
Btrira traversing its entire thictnesa. Thus Virchow men- 
tions having seen fat globules penetrating from the intes- 
linal canal through tho wall of the celb which cover the 
lacteal^ and liiwo describes in detail the penetration hy the 
Bpermntozoid of the Kona pellucida (wall) of the ovum 
through OHO largo opening, the micropyle, or through one 
of the numerous finer canals in the rest of the wall. 

Tli^ Nuplcus and Nucleolua. 

The nucleus ia tho smaller, separated body, of variouH 
size and ahapo, usually aomewhat eccentrically situated in 
the protoplasm which composes the body of tho colL It 
may be recognised, aa a rule, by ita comparative opacity, and 
la made more visible under the microscope by the addition 
ot various chemical reagents, dilute acids, etc. 

The essential value of the nucleus, according to Kolliker, 
who takes a middle ground between the older advocates of 
the cell with all ita parts, and the more modem advocates of 
the protoplasm theory, is "to secure to tho protoplasm a 
definite form and function, and more especially to ofGciate 
as its proper organ of reproduction." The ovum, or 
primordial cell loaea ita nucleus, as one of tiie first signs of 
development, while the new nucleus, developed lat^r in the 
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egg, is an entirely new fnrmation. Aa to the apermatoioid, 
it is wholly and escluaivelj composed of the nucleus of a 
cell, the remaining constituents of which have been left be- 
hind it in the seminal ducts. 

The nucleolus is the still more minute body disposed to- 
wards the nucleus and acting fur it the same piirt as the 
nucleus towards the entire cell. Both of these bodies are 
to lA regarded aa masses of protoplasm differentiated from 
the main mass or developing within the main mass as the 
youngest or latest additions of matter. When staining 
matters, carmine, aniline, etc., are brought into contact 
with the entire ceil, the newest matter is deepest stained. 
The cell wall and the protoplasm just aboutit are not stained 
at all. 

The Cell Contents or Protoplasm. 
If, then, the cell wall be relegated chiefly to a protective 
office, and the nucleus (with its contents) to the function 
chiefly of reproduction, it Li in the cell contents, the proto- 
plasm, that we must locate tho remaining essential pro- 
cesses in the life of the celL The lowest forms of life con- 
sist of protoplasm alone, protoplasm in shapeless mosa, 
without nucleus or wall. Such are tho vast masses of 
gelatinous matter (deep sea ooze) endowed with motion, 
assimilation, reproduction, etc., which have been dredged 
(Huxley, Thompson, 18158) from the bottom of the North 
Atlantic Ocean, at depths varying from 5,000 to 25,000 
feet. Much doubt has been cast upon the nature of this so- 
called Ba thy hi us (Ursc/iteim), by the fact that deep ooze 
has been dredged from other seas not endowed with these 
phenomena, but the later observations of Bcssela (1S73) 
confirm the' exiateucB, at the bottom of certain seaa, of 
maasca of ]>nre protoplaam, "very sticky, mesh-like struc- 
tures, with perfect amoeboid movements," which "took up 



particlea of carniine and other foreign substances" and 
which "showed acLivo motion of tlio nuclei." 

Tilt AmaUi. 

Of the iwIatGd masacB of iirotoplnani, the best known ck- 
ampie ia the nniceba. Towards the close of the last century, 
O. F. Muller Euve the niimo of Proteus to certain forma of 
infusoria observed to be ia ceasclcas motion, and &I. Borg 
de St. Vincent called one of those forma (the protons 
diffiuens), "Amiba," a name anhsequently changed by 
Ehrenberg, to harmonise it with his etymology, to Ammba" 
(Milne Edwartls). Amcebse arc mosses of pn>t(.]ilaiun which, 
Ba a rule, have nuclei but no walls, hut since Max Schultzo 
discovered in the Adriatic sea a non-nucleated umiBba (the 
amoiba porrecta) this low form of lifo has been Belected from* 
among all the rest as a basis for physiological study. 

The physiologist hasLcra/and in simitar structures, a case 
"in which those vital operations which he ia elsewhere 
accustomed to see carried on hy an elaborate apparatus, aro 
performed without any Bpecial instruments whatever ; a 
little particle of apparently homogeneous jelly changing 
itself into a greater varietyof forms than the fabled Proteus, 
laf ing hold of its food without members, swallowing it with- 
out a Biouth, digesting it without a stomach, appropriating 
its nutritious material without absorbent vesaels or a circu- 
lating system, moving from place to place without muscles, 
feeling (if it has any power to do so) without narves, propa- 
gating itself without gcnibd apparatus. And not only this, 
but in many instances forming shelly coverings of a sym- 
metry and complexity not surpassed by those of anjc 
testaceous animals" (Carpenter). 

The best examples of protoplasm devoid of walla or nucleus 
are the so-called myxomyeel^s, fungi found in abundance 
on decomposing vegetable mattiir, moist flower pots, bark 
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of trees after a rain, etc. The best examples of protoplasm 
with wall but without nucleus are the hyphens, fungi found 
on fruits, bread, etc., kept in a warm wet place. The largest 
specimens are obtained from the surface of manure 8i)rcad 
on bricks and kept in moist pLaces. Amcoba) are the best 
examples. of protoplasm with nuclei but without walls. 
These animalcules are found in myriads in stagnant water 
exposed to a hot sun. Some forms of amoebae are, as we 
have seen, also devoid of nuclei. The mammalian ovum 
exhibits the typical isolated cell with all its parts, nucleus, 
contents and wall. It may be readily expressed from the 
ovary after puncture of the Graafian follicle. 

The protoplasm {Tzpurog, first, TrP^rrffw, I form), or cell con- 
tents, constitutes, thus, the essential element of the cell, while 
the wall and the nucleus are to be regarded as additions of 
structure in cells, or masses of protoplasm, dilTerentiated 
for special purposes or for higher grade of development. 
The perfect cell, that universally present in the construc- 
tion of all the organs of animals and plants, so- highly de- 
veloped as to possess organs, consists of contents, wall and 
nucleus, so that the cell with all its parts must still be re- 
garded as the ultimate physiological clement in the body 
of man. 

The Properties of Protoplasm. 

In studying the phenomena of life, we have, therefore, to 
consider the properties of protoplasm as observed in the 
forms of life consisting only of single and simple masses of 
protoplasm, and as likewise observed in more complex struc- 
tures composed of myriads of masses (cells), each individual, 
independent, and in a sense isolated, yet all connected and 
brought iuto harmonious action by common fluids (blood, 
lymph, etc.), in which t^ey are continuously bathed, and 
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by "facile Uiteacis o£ coin mimicat ion," nerr?s, bonda and 
links of association. 

We observe, then, first, as the most striking endowment of 
protoplftsm. 

The Propfrty of Jfotion. 
Barcode (ca/,^, fieab) was used by Dujardin (1S35) na a 
synonym of protoplaam, because it implied, the property of 
motion aa observed in muscle tissue. This motion may be 
partial, manifesting itself simply aa a protrusion and eubsc' 
queat retraction of some portion of the substance, or it may, 
in detached and isolated niasBes, he general, etTecting the 
locomotion of the entire muss. Thfe nmQ:>ba, for instance, 
the individual uiass of protoplasm, extends from its sub- 
stance prolongations to encircle some foreign body, the 
nutritive prineiple ot which, it absorbs and incorporates, to 
tlien release itself or flow away from the indigestible residue. 
A very distinguished botanist was once deceived into the 
belief that a starch granule had become converted into 
living protoplasm by observing the disappearance of tbe 
granule and its substitution by a, movin^r mass of matter ; 
the apparent substitution being only an envelopment of the 
granule, for the timebcing, byaiivingamcebain its vicinity. 
The while blood corpuscle may thus gradually protrudo 
itself through iutei^tices in the capillary wall to effect 
migration to distant parts. 

In the early life of all cells (the embryonal stage of ci 
pies structures), the property of motion ia always manifest, 
but as the cell matures or becomes senescent, it loses this 
property in most eases; it becomes quiescent and esbibita 
its activity only in other ways. 

Individual masses of protoplaam being invisible to the 
naked eye it is only popsiblc to study tlieir motion under 
tba microscope, bat the general motion effected by aggregate 
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masses is apparent in the contractility of muscles, locomo- 
tion of members, etc Wo have in the color changes assumed 
by various fishes and frogs handsome illustrations of the 
motion of cells. The change of color is effected by changes 
of shape in cutaneous pigment cells. The colored masses of 
protoplasm (pigment cells) approach to or withdraw them- 
selves from the surface and thus vary the color of the ani- 
maL If the pigment cells move uniformly in the skin, the 
animal is uniformly varied in color. If only some of the 
cells move, the animal appears spotted or striped or ringed, 
etc 

• The Color Changes of the Chameleon, 

The chameleon is so universally known for its change- 
ability as to have had its name used ever since TertuUian as 
an epithet to express sycophancy and vacillation of purpose. 
Prior says: — 

"As the chameleon which is known 
To have no colours of his own 
But borrows from his neighbor's hue 
His white or black, his green or blue.'* 

And Dryden perpetuates this and a greater fallacy in the 
lines: — 

**The thin cha.meleonj'^d wi/A air receives 
The colour of the thing to which he cleaves." 

But the chameleon is not so changeable as has been repre- 
sented. It is not able to assume any color whatever, nor is 
it able to take on the color of every object upon which it 
may rest. Basking in the sun it may appear blue, green or 
red, according to the incidence of the light, or it may appear 
dark, black or iridescent. As different chameleons differ in 
the natural color of the unpigmented part of the skin, an 
individual may be white or yellow. Moreover it may show 



118 coLoit cnAjfoEg ik i 

gray ftnd Ijrown. All these colora it may exhibit, but tt 
may not exhibit all colors. The cliangt; of color in the 
clinmcleon ia due lu tlio prcBcnco in the ek'ia of pigment 
cells liaving prolongation a which, under nervous iniluoncc, 
may penetrate the iiitersticca of the eupcrjacent layer 
unptgmcntcd akin tissue, and epread out to cover thcHurfi 
wholly or in part. The physical lawa legulating tho 
flection, absorption and interference of rays of light in 
different media fully explain the di&ereut colora the animal 
may aasume. WhateapecLillylDtf^reatsiisin this connection 
ia the property of motion with which the pigment cella are 
endowed, and which enables them, in obedience to stimulus 
from the nervous system, to assume different shapes and 
poaitions with reference to the Eupcr nnd circumjacent skin 
tissue and subjacent blood-vcsselti. When a chameleon 
poisoned with strychnia it becomes uniformly light 
color from a complete retraction (tetanus) of the 
ment cells. This retraction represents the active 
dition of the cells. When the iinimnl is sick, i 
spotted, some of the cells being retracted, othera pi 
traded. Section of individual nerves of the skin prodi 
the same effect, corresponding cells being passively prot 
(paralysed). The black spots now show dendrilac proloi 
tions. Section of a scries of nerves produces a bhick stri] 
A mechanical, chemical (turpentine) or electric 
applied tti the skin induces n retraction of the cells, 
thus gives rise to a. light or yellow color at the surface 
irritation. The cells relax and spread themselves 
(passively) under the light and heat of the sun, hence, 
animal under such conditions is dark or black. In dal 
ne^ the cells are actively retracted, hence, thcanimali 
If parts of the body be protected from tlie sun, as by 
of Tarnish, these parts remain light, while the rest of 
body is dark. Psychical influences likewise affect il 
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In the passive Btate it ia uniform in liue ; excited after 
food, in strife, etc., it ia varioualy tinted. Tlius "so far 
from being n Bymbol of falscliood, tiic chameleon is rather 
s, symbol of franlcness, as eveij emotion ia depicted upon 
its sarfnce" (Briicke). 

But the motion of pigment cells ia not independent. 
It is directly under the control of the nervous system. 
The motion of muscular tissue, though inherent in the 
muscle protoplasm itself ia evoked by the nervous system. 
Of course, in speaking of independent motion, it ia not for 
S inoraont intended to imply a spontaneous motion. It is 
simply meant that we are ignorant as yet of the estemal 
influences which induce tha motion. Aa Strieker has 
observed, we no longer term tlie movements of striated 
muscle spontaneous, because w-o know the external influences 
or stimuli through which it can be excited. "And so, also, 
there can he no doubt that as soon as wo have acquired 
a knowledge of all the extern.tl influences bj which 
movements in protoplasm can be induced, wo shall cease to 
term them spontaneoua. Thus, in staling that protoplasm 
ia capable of active or vital (spontaneous) movements, wa 
have by no means ailmittcd the existence of an immaterial 
force" (Strieker), The best example of protoplaamicmotion 
entirely independent of the nerves, ia tlint exhibited in the 
Dndulationa of tho ciliary processes upon the surface of cer- 
tain epithelial cells. 

Ciliary Motion. 

Ciliated epithelial cells are cylindrical, conoidal or goblet 
shaped masaes of protoplasm, frotn whose upper free surface 
protrudesa thicket (not simply a fow,aa always represented) 
of fine, hair like, processes, the cilia. Such structures have 
long been recognised in certain infusoria, for which they 
furoiuh means for locomotion, prehension of food, and 



for which, also, by creating currents, tliey minister directly | 
to respiration. Fnrkinje and Valentin discovered their 
existencu in vertebrate ajiinials and in man. Such cells | 
lino the entire respiratory tract from the nasal cavities, 
except the apace within the anterior nares, down to the 
finest bronchioles (but not the air cells). Ciliated cells 
tapestry also the caviticB accessory to the nasal, the antrum 
of Jlighmore, the frontal sinuB, etc., the Eustachian tube, 
and for the most part, the cavity of the drum of the ear. 
A tract of epithelial cells is also found in the epidydimos, 
the efferent ducts of the testicles, and in the female, in the 
parovarium, the Fallopian tubes, and the body of the 
Uterus, extending into the uticiilar glands. Ciliated cells, 
though mueli smaller and more delicat*^, occur also in the 
Tarious cavities of the nervoua system ; in the lateral 
ventricles, the floor of the fourth ventricle, and the central 
canal of the spinal cord. 

The cilia (cilium, an eyelash), are for the most part sabre 
shaped, with a broad attached base and a free pointed 
extremity. They areimplanted directly into the protoplasm 
(the ccJl), of which they are part, and not inserted into u 
membrane or an upper distinct layer of protoplasm as once 
believed. At rest they are slightly inclined, mostly towards 
the exterior of the tube or cavity in which they are found. 
In molioQ they strike with their broad or flat surface aad 
return, like oars in skillful hands, by feathering the edge, 
to nearly, but not quite, a perpendicular position. The 
stroke is the result of an active contraction (motion) of the 
protoplasm while the lexa quick return is due to a simple 
passive elasticity. But the cilium in its stroke is not 
passively moved by the contracting protoplasm. On the 
contrary, it is the cilium itself which is endowed with the 
contractility, and the cell when free (as 
masses found in the secretion of coryza), i 
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moved about hy ita vibratile cilia. Tbiu contraction aad 
rslitsation is excL-cdingly rapid, too rapid, iadecd, to bo 
individually visible. Cilia move in the frog at the rate of 
twelve timea in the second, and in warm blooded aaimalB 
much faster. It ia only when contraetUity has become 
partially exhausted that iudiviiluol motion ntny bo observed, 
la molluscs, where the cilia are of very great Eize, their 
motioa produces undiilatioiis which may be Been in itu 
totality aa glittering waves even by the naked eye. The 
motion of tractu of cilia baa been not inaptly compared to 
the undulatioaa of a field of grain agitated by the wind, 
or to the glistening of a river in the sun. 

Condi/ion» Infiaeneing Ciliary Motion. 

Cilia nrB entirely independent of the nervous system. 
Section or etimulation of nerves produces upon them no 
eflect. They contract when removed from the l>ody, and 
survive somatic deatli for liours, even nine honrii in 
frog. Nevertheless ciliary motion in life is not irregular; 
all the cilia in a given tract move in a definite direction, 
and produce definite currents in the circumambient fluids. 
It ia for this reason that particles of mucus or other for- 
eign boiLes are propelled upon the surface, tossed from 
place to place, towards the exterior. Tbe force of cilia i^ 
really astonishing. Particles of coal dust suspended ovet 
them by means of a drawn thread of seahng wax are lifted 
and pushed oa at the rate of -^ha <*^ ^''^ in(i\i per second. 
It was by meaus of such an experiment that Kistiackowaky 
was able to prove that induced currents of electricity 
stimulated the cilia, contrary to opinions expressed hitherto, 
to greater activity, or renewed it after a period of quies- 
cence. Heat quickens, cold retards their motion. The 
activity of the movements of protoplasm in general i 
greatest at about 100° F. (38° C). At Sr J?. (0° C), they 
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become extremely aluggiah, or ceases nltogether. The otb 
o£ trout, however, undergo segmentation perfectly in iced 
■water, whilst they Boon cease to move at ordinary tempera^ 
tures. Dilute alkalies act as direct etitnulants to ciliarjr 
motion, partly by simply diluting the thickening mucus in 
which they float and gmrtly by incrcaaiiig osidutton. Chlo- 
roform suspends their activity, or in eitcess disorganises and 
destroys the cella. 

Ciliated epithelial cells are best obtained for study by 
scraping the roof of the mouth or the pharynx of the frog. 
A few cells may be detached in man by inserting a feather 
into the upper cavities of the nose. The largest cilia are 
found in the moUuM.'S, in the so-called beard of the oyster or 
clam. Tracts of cells are secured by dissecting oiF porta of 
the pharyngeal mucous membrane of the frog. Calliborces 
constructed a very elegant apparatus to cause cilia in motioa 
to strike upon and revolve a glass cylinder and thus record 
their own velocity of movement. Bowditch exhibited this 
motion more simply and effectually by cutting through the 
body of a frog just below its anterior extremities, after 
destruction of the spinal cord, and passing a glass rod 
through the cesophagus. The body of the frog is gradually 
pushed along the rod by the motion of the (esophageal cilia. 
The front part of the jaws should be cut away to prevent 
too great friction, and therod should be dipped in saltwater 
to secure the best action of the cilia. If tlic osophogua 
aloue be slipped over the tube the motion will be much 
more apparent. 

Motion of OlAtr C'elU. 

A spcrmatozoid is a detached ciliated cell ; the whip-laah 
tail is the cilum and the head is the nucleus of the celL 
The Bpermatozoid, all moving protophism, indeed, is affected 
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in lite manner with cilialcil cpitbelium by the various 
ageuta mentioned. 

Motiou lias been studied also in the lymph and pus cor- 
jiUHcles, in curtilage and in conuective tiasuc cells. C'crtaio 
corneal corpiiacles have been observed by Becklinghauaon 
to penetrate tissue interstices and wander about, like the 
vhito blood corpuBcles, to considerable diatances. It is by 
means of motion of this kind that young eells may arrange 
themselves in position in the original construction of the ' 
various tissues and oi^ans 

But the motion of the highest phyetologicAl inti;n?st in 
this connection is that which takes place in the iuterior o£ 
the cell itself. Such movcnicntJi are known as 

Molecular MovemenU, 
because they consist of agitations, tremblinga or rotations 
of the fine granules In the protoplosniic mass. These 
movements are not to be eonfounded with those exhibited 
by iuorganic bodies floating free in fine jiarticles, the 
;ntdescribed by Brown, and known as the Brunonian 
inlA, for in the case of the inorganic body the 
raovcmeots are oscillatory or merely passive followinga of 
the currents in the fluids. Protoplasmic molecular move- 
ment is active and translative from place to place. It maybe 
eecii to advantage in tlic cells of the salivary glands, in living 
blood corpuscles (white) or in pus corpuscles when water is 
added to tiio fluid in which they float. These movements cease 
only with the death of the celL A stroke of electricity 
which kills the cell stops the granular movement at once, 
proof that it is is no sense a passive phenomenon. The hair 
of the stingingnettle exhibits protoplasmic molecular move- 
ment even more clearly than any animal structure. Buch a 
hair consists of one elongated cell filled with intra-cellular 
fluid ; its transparent wall being lined witit soft piotoptasio. 




»OLE«ULAK CIIASGES IX THE QVVU. 

The molecules or granules ia the protoplasm not only tretor 
bio like the salivar;' corpuscles, but they actually circulato 
in a regular stream. The prutoplaam itself undulutcs in 
(lifTcreDt directions. A shock from a magnetic electro- 
motor apparatus arresta the regular system of waves, and 
■nddeoly projects the protuplasm in promontories into the 
jntRL-cellular space. During tbid attack, ao to speak, the 
molecular motion ceases, to lecur only when the protoplasa 
resumes its normal motion. 

Molecuiar Changes in the Ooum. 

The ovDm, or primordial cell, is, however, here ^ain, the 
best object fur study of tliis kind of motion. Tbo 
both plauta and animak is the continual seat of molecnlat 
motions of the most aetiTC as well as curious character, 
ita derelopment the nucleus of the ovum first becomes 
elongated, Bpindlc-ehaped and covered with fine threads or 
hairs. The granules of the protoplasm now move about to 
arrange themselves in regular lines irradiating from the 
ends of the nucleus and finally tbe whole protoplasm HplitB 
in two, forming two cells, a smaller, so-called cemetery-tKll, 
containing the products of excretion, which entirely dis^- 
pears, and a larger formative cell which contains all tho 
elements essential to the formation of tho new being. 
ova without special walls, enveloped only in the mucu 
from the maternal genital canals, a single spermatosoid, out 
of the 70-80 upon the surface of the enveloping mucus, pene* 
tnites the mucus to reach tho yolk. "At tho moment whett 
this jienetration is effected, the yolk, which had hitherto 
presented a uniform arched lurfiice, suddenly projects 
elevation towards tho head of the epermatozoid, seizes it, 
surrounds it nnd draws it with a celerity which almoofc 
escapes vitdon, into the interior of the egg." The tail of tht 
sjicrmatozoid now disappcan by solution in the yolk 
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Jtlnsm, nnd the hciwl gradually travels towards the nueleiis 
4if the uvum. Su aooa ua cuntact is eOiiuteU Ihe two liodiea 
Toll ubout each other several times and then [use t^^ther 
to become the new nucleus of the ovudi. Hereupon ensuea 
the diviaioD aud subdivision of the new nucleus, until the 
whole ovam has uodergone the process of seguientation into 
daughter cells, which arrange themselves into three layers, 
the blastodermic layers, containing the elementsof construc- 
tion of the whole body. In ova provided with a distinct 
wall (zona peltucidu) there may be usually detected some' 
where in the wall a large opening, the niicropyle, for the 
eDtrance of the apermatozoid. The cell wall is often pene- 
trated, besides, by very fine radiating canals, in every one of 
which is a thorn-lika protrusion of the yolk stopping np the 
canals, lite bottle stoppers, to preventthe entrance of fluids 
in which all ova flout. A cord or track of clear protoplasm, 
the eo-called seminal cord, passes from the mieropyle to the 
iiuclens of the ovum, as a rood along which the spermatozuid 
may pass to the nurleua of the ovum. 

Now the most serioua accident that can befall an ovum is 
the accidental penetration of more than one spermatozoid. 
Blalformatiuns and double monstrosities always occur after 
such accidents. But the ovum is protected against these 
Bccidentaby a provision which iaascurioua oa eflective, and, 
na a atriting exemplification of molecular motion, in worthy 
of mention here. In the naked (wall-less) colls, at the 
moment when the hillock of yolk has seized upon the first 
penetrated spermatozoid, "a fine, delicate, but very rcsistcnt 
ibrane immediately — so quickly as to be invisible to 
the eye, in its stages of formation, a kind, therefore, of 
chamicnl deposit — covers over the whole surface of the 
yolk," to eflectually bar t!te paaaago of further spermato- 
zoids. In ova with walls, a number of apermntozoida are 
gliding, head first, about the surface of the wall. 
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Finally, one succccda in reaching the micropylo, "So Boon 
as tliia happens, the Eeminal co];d is at oucc torn avray from. 
the micropyio and the thorn-like protruaiona of the yolk n. 
at once witbilniwn from tbo r:idiiiting canaU in the zonft 
peliucida, whereupon wjtor streama into the radijitin_ 
duiaU and through the open micropyle, to spread oof' 
between the surface of the yolk and the /onit pcllucidaw, 
The zona peliucida (cell wall) is thua lifted away from thB 
yolk (cell contcnta) and thrown into irr^ulur folds ta 
oppose an insurmountable obstacle to tlto penetration of 
even a. second sperraatozoid" (Lowe). 

The motion of the molecules in the ovum ia the cai 
its development. That is, motion is the 

Essence of JCeprodaction. 
The assistance of the male element ia not by any meana s 
necessity in reproduction. In many animala, notably in 
Beets, continued progeny (ten to twelve generationa) ia pro- 
duced without copulation. Generation of this kind, 
partheno'geneaia, or virgin generation, instead of being s 
mysterious exception, ia the rule in all animals up to a cep-. 
tain grade of development. Biscboff fonnd that ail the firei 
stages of di'velopment, disappearance of the germinal 
veaiclc, appearance of the new nucleus in the interior of tba 
yolk, condensation and volume reduction of the yo!k, n 
ment phenomena in the yolk, finally even the first atagea cd 
segmentation, all tbe^ changes occur in eggs which hava 
never been impregnated, and in eggs wliich are 
impregnated at all, but which have been discharged iroxn 
the ovary aimply on account of their maturation, Moquiq. 
Tandun haa seen the process of segmentation of the yolk ii 
unimprcgnated frog's eggs, and Van Beneden has sbowo^^ 
that the first ph:i3es of development in the rabbit ar» 
entirely independent of impregnation. These clianges at( 



PARTIIEXIXIESIKIS 127 

Bot dependent, therefore, upon the formal union and eopu- 
lation uf a. sperm and germ cell, nor upon any ehemicitl or 
dynamical effect of the spermatozoidB, for they occur with- 
out the presence of Epemiiitozuidti at all. They depend 
upon tlic motion inherent in the molecules of the ovum 
itselt But, in the rule, we observe that the intensity of thia 
motion ia not auQiciently great to lead to further develop- 
ment and production of form. It must receive additional 
force, and probahly also a defiuite direction, in order that 
the further movements of development, those requiflite to 
the complete conatructioa of the emhryo, may ensue. The 
!a this further addition, strength and direction of 
L from the spermutozoida, whose individual masa 
movement is proof that thi; matter of their composition ia 
also in the condition of intense activity. BischolT i[i 
mating this statement concludes : "we possesa nowhere elso 
such a perfect insight into tlie cause of organic movements as 
here, and the view which tliis insight gives will be as satis- 
factory to the reasoning mind as every other application of 
the law of the conservation of force." 

The case of the bco afforas a striking confirmation of the 
fact that development up to a certain grade is poaaiblo 
without copulation, while more perfect development re- 
:a assistance. Thus ths queen bco in captivity or isola- 
tion continues to breed drones (males) almost indefinitely, 
and under conditions which preclude the idea of any utilisa- 
tion of sperm stored up in the pait, while the produc- 
tion of workers (females) only enauea after copulation. In 
fact, the observations of Leuckart and Siebold prove that 
apermntozoids are always found about the mieropyle of the 
ova of females, and never about the ova of males. But 
among'the sack bearing insecta^psychides) the s>: 
that is, the production of tnalea requires copulation ( Wundt). 

The Bssence of reproduction, therefore, so far as may be 
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cnmprohnnded by the limited nmlerstuDilin;^ of man, is s 
transmission of motinn, as the reinuiuiug mitnifctitiitiouii of 
protoplasm (the various phenomena of life), aie traanaate- 
tioua of some pUy sical force. 
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We have already regarded the matter of the body, the 
protoplasm, from an anatomical stand- point and before god- 
tiniiing the study of its properties we shall huTe to survey 
it from ft chL-mical point of view. 

What seems especially striking in the 
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Is the simplicity of its elementary construction. The n 
ber of elements ent«ring into its composition we discover to 
be extremely smiUl. Of tho sixty-four ultimate elements 
into which the matter of our earth may be resolved but four 
tike any prominent part in the manufacture, so to speak, 
of purely organicmatter. These aje carbon, which is absent 
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in no nrgaric bodT, and oxygen, hytlrogen ftn<l nilrof^pn. 
Bat ill the construction of the more comiilex animiil and 
vegetable bodies wc encounter also bcvcq other elements, 
viz., sulphur, phosphorus and iron, as elements moat widely 
diffused, and diloriuc, potnsaium, sodium and calcium as 
elements most rarely met. The first four mentioned ele- 
ments, carbon, oxygen, hydrogen and nitrogen, are the 
eaaeutlal elements; the rest are said to he incidental ele- 
ments. I have here before me a glassof water. I drop into 
it a small piece of coal. We havo now in this glass hy- 
drogen and oxygen iu the water, nitrogen (with oxygen) in 
the air and carbon in the coal, oil the essential elements, 
and in some coses the only elements, entering into the com- 
position of organic matter. 

Tlie Priuiinale Priiwlplei. 

But no familiarity, with the characters or properties of 
these ultimate elements may acquaint ua with the properties 
of their compounds, the results of their combinations, the 
so-called proximate principles, as they are encountered iu 
the body. No knowledge, fur instance, of the peculiarities 
and characteristics of chlorine, a heavy, greenish-colored 
gas, with bleaching properties, or of sodium, a whitish 
mineral which burns upon the surface of water, would in- 
form ua aa to the properties and characteristics of the 
chloride of sodium (common salt), a substance as diifcrent 
from either of the elements of which it is composed as they 
are from each other. In the study of the structure of the 
body from a chemical jwint of view, it is the combinations 
of the elements, and not the elements themaelres, with 
which we havo to deal ; the proximate principles, and not 
the ultimate elements, present the peculiarities pertaining 
to living things. 

There are organic compoonda which consist of but two of 
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these ultimate elements, but the grent majority of them are 
made up of three, viz: carbon, hydrogen aud oxygen. Theao 
carbo-hydrates owe their name to the fact that they are 
composed of, besides carbon, hydrogen and oxygen, in the 
propurtiun to form water. Starch and tho various sugars, 
HO easily mutually convertible by the addition or alHtraction 
of water, are exaraplca of the cjirbo-h yd rates. The cloaely 
allied fats have an exce^ of hydrogen, so that all these sub- 
stancea are often grouped under the head of the hydro- 
carbonaceous compoujida. 

Another group of organic matters contains, in addition 
to the three elements mentioned, nitrogen. They are, there- 
fore, known as tho nitrogenous in distinction to the non- 
nitrogenous principles. To this group belong the complex 
products, the albumen oids (including hsemoglobin and 
vitellin), wliich also contain sulphur, phosphorus or iron. 
The white of egg is a typical albumenoid subataucc. 

Chemical analysis of the body discfoses, besides these two 
classes of priaciples, the nitrogenous and non-nitrogenous, a 
third group of inorganic or mineral principles, aa water, 
common salt, phosphate of lime, etc., contributing to the 
formation of tissues and juices of every character and coii- 
sisteoce, 

AlbuToen and tie Products, 
The chief constituent of protoplasm is albumen in some 
one or other of its numerous forms. Albumen with water 
in considerable amount, mineral matters and fat, these are 
the substances which compose the animal cell. Proteplaam 
is thus a peculiar albuminous compound, tough and viscid 
before undci^oing subsequent change, which coagiilatea i 
under heat (or at the death of the cell, as in rigor mortis), 
and which is swollen up or gelatinised, hut is not dissolved, 
by the action of water. 
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fcasion to have to mak^, but it is 
'This U about all we know, at pres- 
npuund, protoplaam." 
leii, in Bonie of its forma, the funda- 
mental substance in the compoaition of protuplnem. In tbe 
lowest forms of life, nt all times, and in the higher forms in 
the embryonic stage, ulbumenoid (protein) budies are uni- 
Te really present. But iwdovclupincnt advances in the more 
complex forms the differentiation of individual masses of ' 
protoplasm into separate tissues nod oi^ans ia eharocUirized 
by a change of the protein bodies into some of Iheir more 
permanent derivntivei", aa chondrin, elasticin, etc. What 
especially characterizes the albumenoid bodies is their insta- 
bility of structure, that is, the rcadinesa with which they 
may be broken up into new compounds. In this decompOM- 
tion, the force latent in the albumen is translated into active 
forms with the development of various decomposition pro- 
ducts which escape in the secretions. Such products arc 
urea, leocin, tyrosin, creatin, creaLinin, glycogen, peptones, 
and ferments. Some of these products, glycogen, peptones, 
etc., arc true secretions, having further purpose to Bnbscrve 
in the body; others, urea, creatin, creatinin, are veritable 
excretions, effel« matters of no further use. Very grossly 
considered, the first mentioned useful products correspond 
to the steam of the engine ; they are the agents of force ; 
while the second class of useless products are the ushes ami 
smoke ; they must escape from the body, as their accumula- 
tion in it extinguishes tbe processes of life. 

T!ie Chemklry of the Cell. 

The protoplasm (or cell contents) is thus composed of 

albumen in some of its forms, of water, of mineral matter 

and of Eat. The outside or cortical layer of protoplasm 

(the cellj, when such a layer is present, diSera from the 
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inner Buletance in itflgrpnt^rdenBity. Tho nlbumen 
converted (d life rentm ted) into elnaticin, whi:;hj ns ib 
implies, is more resistant and elastic, and hence is betb 
qualified to serve aa a protection to, and to regulate diffnsioilj 
for, the more delicate protoplusm 'inclosed. 

The nucleus of the cell, again, may also be difierentiated ^ 
into a wait and more fluid contents chemically somewhat 
different, in turn, from the wall and contents of the mun 
cell. Thus minute granules are readily precipitated in the 
nuclear contents by the addition of alcohol and acids, while _ 
the wall of the cell differs from that of the nucleus ty thftJ 
greater solubility of the former in alkalies. The nucleolu^-V 
from its high refracting properties, is supposed to c 
largely of fat. 

With this glance at the chemical constitution of the o 

wc are better prepared tocontinue thestudy of itspropertie^J 

Absorjitum and Amaulalum. 

Cells have the power to absorb, amimilate or store i 
material from without, to elaborate or transform the n 
terial thus absorbed, and to filter out, excrete or ej 
material from within. 

lu the ordinary growth and nutrition of the cell i: 
matter passes by penetration, imbibition or osmosis, directly ^ 
into the substance of tlie cell. The whole collection of cells 
constituting the bwly may be roughly compared to a sponge 
soaked in nutrient fluids. These fluids penetrate the wall, 
ajid thus constantly contribute to the cell new material. 
Just as every plant absorbs from the earth the particular 
salts essential to its growth, docs each cell drink up from its 
earth, the blood and the part of the body in which it is 
found, the particular elements essential to its growth and 
work. The cell in this way feeds itw^lf, absorbing with 
vhat seems a selective agency (chemical affinity) the ma- 
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terial upon which it can live and work, and with some dis- 
cnmination refuBing to absorb useless and inautritious 
matter. The new matter may then be tranaformed into tbo 
protoplasm of the cell (assimilated), or it may be stored up 
for otiter use in its work. Thua the protoplaam grows, im- 
perceptibly increases in size, or fills itself with foreign 
bodies (blood corpuscles, fat celln, coloring mattiirs), which 
may be seen entire or in fragments in the body of tlie celL 

The MdabolUm of the Cell. 
The transformation of matter (metabolism) in the in- 
terior of the cell, is the highest physiological endowment 
of protoplasm. In this process, chemical changes, to large 
<lcgree inscrutable as yet, are incessantly at work. Muscle- 
«c1Im and nervc^ells elaborate in thia way their irrita- 
tility and other properties which endow them with their 
)>eculiar pbysiologiual dignity as the master-tissues of the 
body. Gland-cells manufacture ferments; as the gastric 
epithelium, pepsin, the pancreas, pancreatin, or new com- 
pounds, as the mammary cells, milk sugar, liver cells, 
glycogen; from the disintegration and rearrangement of 
matters pre-esistent in the blood. Lastly, certain maasea 
of protoplasm (cella) come to bo set apart for the pur- 
pose atmply of filtering out from the blood and eliminating 
from the body various products of decomposition and 
waste, 

The most important factor in effecting these various 
metamorplioeea ia oxygen gas. To great extent the chemi- 
cal changes in the cell, the metabolism of the cell, as it is 
called, are 

Pronaset nf Oxidaturn, 

The various excretions of the animal body are, as we have 
seen, for the most part, products of oxidation. Of these 
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excretiona, aome, carbonic acid gas nnd water, are com- 
pletely oxidised products, while others, the urates, for in- 
stance (but nut urea) escape only purtlyumaumed (oxidised) 
aud must undergo further oxidution outside of the body 
before they are resolved into the fully osidised producta, 
wat(!r, carbonic acid gas, ammonia, etc. These finally 
oxidised products thus restore to the earth and air what 
was abstracted by the plant. 

'^See dying: vegetablca life saatain, 
Sf e lire dissolving vegetate again, 
All forms Ihat ptriah other forms supply, 
By turns we catch the vilnl breath and die,'< Pope. 

Oxidation (union with oxygen), so far as we can follow 
it, causes the decomposition or splitting up of compound 
into simple bodies. Deoxidation (abstraction of oxygen) 
causes or attends the rearrangement of simple into ( 
pound bodies. The plant (vegetable) cell has the power, 
under the light and heat of the sun, to disengage oxygon 
and rearrange the atoms of simpler into more compound 
bodies. In this way the plant^cell builds up and stores 
up these compounds as latent force. The animal cell j 
(protoplasm) has tlic power to reduce these compounds, ' 
with the aid of oxygen, and set the latent force free. 

Oxygeu being thus the principal agent in decompo^ng 

the matter of tho animal cell, and settiug free the force i 

which it contains, we may now consider its appropriation 

by the various oi^ana somewhat in detail. 

Oj^alion in the Oman. 

To commence, then, at the beginning of the cell, it ii 
observed that tho ovum breathes. The butt end of the 
chicken's egg has a cavity filled with air, which, according 
to Bischoff*, contains, on the average, 23. 5 per cent, (more, 
thus, than the atmosphere, which contains but 20 per cent.) 
of osygen gas. This cavity is a reservoir of air for extra 
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demands. Osygen continually penetrates the slicll of the 
egg iQ greater quantity as tlie Bhcll groiva thinner, in corre- 
Hpondence, thus, with the iacrcasing demanib of inurcaaing 
development within. 

In Bftumgiirtner'B artiflcial hatching experiments, so 
conducted that the absorption of oxygen and exhalation 
of carbonic acid gas could be accurately mensured, it was 
olaerved that the egg gained in twenty days {up to the 
time of the escape of the young chicben from its cavity) 
26. S2 per cent, in weight; a gain attended with the ab- 
sorption of 6.29 ]]er cent, of oxygen, and the cacnpe of 
8.412 per cent, of carbonic acid gas, and 24.09 per cent 
of water. The volume of the oxygen absorbed from the 
air is alwayn greater than that escaping with the carbonic 
acid gas, as the oxygen not only contributes to the forma- 
tion of carbonic acid gas and water, but is also need in the 
formation of other produeta remaining in the substance of 
the egg. 

Though there are many recondite chemical processes 
continually in operation in the body, most of the changes 
connected with the development of force are simple oxi- 
dations. The force-material of the body may be said, 
therefore, to be represented by oxidisable (organic) com- 
binations on the one hand, and by tree oxygen on the 

The direct absorption of oxygen gas has been observed 
by Kuhne, in the case of the ciliated epithelial cells. 
The movements of cilia are intimately connected with the 
consumption of oxygen. They cease in its absence, and 
they cannot be started again without it. 

O^ddalion in Muscle. 
The contrfction of muscle protoplasm is as closely con- 
nected with the absorption of oxygen, and the excretion 
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of cacboDic acid gas. But it in not so much ttie jl 
eubatancc itself that is oxidised iu the production of 
cular force, as the non-nitrogenous elements of the I 
circulating through the muscle. For, it has been now 
pretty clearly established that the ureit, urates, etc., pro- 
ducts of the waste of muscle itself, are not increased 
the excretions (urine) in correspondence to muscular ex- 
ercise. On the contrary, the increase conce 
bonic acid gas exhaled from the lungs, proof that it is 
carLo-hyd rates of the food, and not the nitrogenous muA*' 
cle itself which servo as fuel for the muscle machinery. 
When a muscle is at rest, the blood in its emulgeut veins 
is red in color, but after contraction its escaping blood 
is deoxidised to a blue color, showing that oxygon is ueed 
up in the blood. But oxidation of muscle-substance itself 
does take place, in some, though slight, degree. For, aside 
from the presence or absence of its products in the urine, 
B muscle will continue to give off carbonic acid gae for 
time, even when washed free of blood, or even whi 
placed in an atmosphere absolutely free from oxygen, 
hydrogen gas. The production of carbonic acid gas in Ihls;' 
instance depends, of course, upon the presence of oxygen, 
stowed away in the muscle previous to the experioijent. 
The protoplasm of the tissues is everywhere the chief seat 
of the processes of oxidation. If a separate muscle, free of 
blood, be inclosed in a gas chamber, it will absorb more 
oxygen, and give off more carbonic acid gas during con- 
traction than during rest. Examination of the blood of the 
femoral veins iu the frog, after galvanisation of the posterior 
extremities, shows an increase in the amount of carbonic 
acid gas. 

Oxidation in the Blood. 

But the blood is also a vast Scld for the operations 

oxidation. The tuumato-gLobuliii, the alhuiueuoid princij 
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of tlic blood cotpiucl^s, collecU it at tlie lungs, and carries 
it in loose combinations for surrender to the vnrious tissues 
of tlie body. Tlicn the blood corpuscles nre endowed with 
what we might term a magical power of converting oxygen 
into ozone Ozone (nascent oxygen) is ajicculiar modiAcation 
of oxygen, with much higher oxidising powers tban simple 
oxygen. The molecule of oxygen being represented by one 
O, tliat of ozone is triplicated. Ozone is O3, so that it has 
much wider range of aifinity. If a drop of blood be let fall 
upon a piece of ozone test paper (made test paper by 
having been saturuted in tincture of guiaeum, Rnd 
afterward dried) a deep blue color forms about it. This 
is the reaction of ozone. The serum of the blood will 
not show it at all (Schmidt). The ozone of the blood 
can not bo directly established in tliia way, as it ia 
at once used up for oxidation purposes. The ozone 
thus proven present hns been just created by tlie blood 
corpuscles. 

The blood, again, very greatly assists the oxidation proceis 
by its alkalinity. All alkalies have this property. Many 
organic compounds, not at all affected by oxygen, are at 
once attacked in the presence of a free alkali. The organic 
acids ingested into the body pass over unchanged into the 
urine, or, at most, are oxidised to very slight degree; but 
when they reach the blood !□ alkaline combinations, they 
are at once completely oxidised, and appear as carbonates 
in the urine. Gallic and pyrogalUc acids, are not oxidised 
in the atmosphere, but on the addition of a free alkali, 
oxidation occurs so quickly that the solution of pyrogallic 
acid can be used in eudiometry, and sugar becomes so 
oxidisable in the presence of a free alkali that it will abstract 
a part of its oxygen from a metallic oxide, and thus reduce 
an oxide of copper, for instance, to a sub-oxido (Trommer's 
test for sugar). According to Gornp-Besanez, even ozone 
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will not ox'it 
a free alkali 



se tlie organic acids except iti the prcscnco a 
ir alkaline salts (Vierordt). 



Ojcidalioii in Nerve Tissue. 

Nerve-force waa thought, at leaat, to be generated moral 
directly by oxidation of aerve-sulwtiiDce, as the qoantity <M 
alkaline phosphates in the urine, the product of oxidaticx 
of the phosphorised fata of nervous tissue, btonds i] 
correspondence to the amount of braiu-wock. "W 
rightly likeu the brain," said Carpenter,"to a galvanic batterf,fl 
and the blood to itn exciting liquid. When the circuit ia 
closed, a rapid oxygenation of the nerve-substance, as of 
the zinc of tho battery, takes place ; and s. correspoDding 
equivalent ot nerve-force (which aeeuis closely related to,— 
but ia not identical with, electricity) ia generated," 
tho fact alone of tho enormous supply of blood to the brainy 
one-fifth of the whole amount ; though tho brail 
only one-fortieth of the entire weight.of the body ; would ii 
dicatethatnerve-forcejaswell aa muscular, ia almost entirely 
derivcdfromoxidationofmaterialfurniBhodby the food. 

Paul Bert has been able to prove that the loss of c 
Bciousness and motion, which occurs immediately whe; 
the blood-current to titc brain is interrupted, is due to tl 
lock of oxygen rather than of any other nutrient matte 
In cases of partial asphyxia, induced by abstraction ( 
rarefaction of oxygen (us in mountniu ascents) the faintneg 
and exhaustion are itnmcdiately and completely relieved bn 
the inspiration of oxygen gas or of air which is bighlj? 
charged with it. The truneformations of force that occafi 
in the body, that is, the manifestations of lif^ are, thus, pre- \ 
eminently, procesaes of oxidation, 

Tht QaantUy of Oxygen in tlie Body. 

In recognizing this fact we would be led to believe thai j 
tiM quantity of this gas, and ita most frequent prodiK 
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hundred pounde. In fact, i 



carboaic ncid, in the blood and tissues would nlwafH l)0 
very great. We observe, however, the very reverse to be 
true. There can, nt no one time, lie collected from the 
blood more*thaD four griLmmcs of oxygen or carbonic acid, 
and adding to tliis the quantity present in the tiaaues 
(a quantity which can not yet be definitely ascertained, 
but which is known to be very anuill), the wliole amount 
of these gases is still comparatively little. But this t;mall 
amount present at any one time is no true criterion 
of the sum-total absorlicd in the course of time. For this 
coatinuoUBly received (and 
be course of a year to several 
ato oxygen is ingested than 
food (aside from drinV), The absolute indiapensability of 
oxygen gas from moment to moment, is proven by tlie 
serious changes that at onee cnsuo in the l)oily when its 
(]nantity is (liuiinished in tbc air. Other nutrient matter 
may be alisent from the body for hours or for days, with- 
out discomfort, but the absence o£ oxygen for a few seconds 
or minutes produces serious auCering. It is the long subjec- 
tion of individunla with iuherited vulnerable constitutions 
to an atmosphere whoso oxygen has bc«a reduced (as in 
factories, badly ventilated houses, etc.) that forms tho 
principal factor in developing jihthisis, pre-eminently a dis- 
ease of modern civilisation. And fresh air in abundance is 
the only specific in its cure. Fortunately, oxygen 
exists in nature in sufficient abundance, for all the wants 
of protoplasm. It forma eight-ninths of the water of the 
globe, nearly one-half of the Bolidcrustof the earth, and one- 
fifth of its air. 

Oxygen is, in short, an «9sentiul constituent of living 

protoplasm, which dovoiops only at the bottom of an ocean 

of it, thousands of cubic miles in ostent. The atmospheric 

which ia as much a part of the earth as its water oi 
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its Baits, 13 an inexbauBtible, a perpetually-filling 
of oxygen gaa. 

We liavo now to couaider the mode of origin or birth, ot 
protoiilosni, and its mode of dissolution or death. 

The Genaii oj JProloplami. 

When the microscope first began to discloHc its revela- 
tions concerning tlie construction of living things, it was 
hoped that we were at lust in possession of the means 
that would lift the veil of in^Htery concealing tiie genesis 
of life. If was believed that it would be only neceaaory 
to perfect the instrument for the highest mngnification to 
enable us to see the first aggregation of atoms to constitute 
life. It is needleaa to any that such extravugant concep- 
tions soon proved to be delusive. With the microscope on 
the one Imnd, and chcmicalanalysison the other, the physi- 
cal basis of life was soon resolved into its histological and 
chemical elements; but no peculiar principle of life was 
ever thus discovered. It seemed, indeed, a. justification of 
tlie exclamation of Schiller : — 
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The microscopists soon found themselves, said Leydig, in 
the predicament of individuals who hod long studied from 
afar the appearance of a meadow or a forest. Tliey thought 
that a nearer approach would inform them about the 
germination, the growth and the coloration ot tlio iiiants. 
Many new observations they did make, it is true, hut the 
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"^MzzViJig riildlca remained the same. Tbe<r stood before the 
■^sama questions, with the diflbreiice only that they eoultl 
310W Btudj tlio uhangca in each individual jilant, which they 
would observe before upou the whole green surface. 

Tho physiolugist thuH, aided ivitli the microscope and 
-the teat-tnbe, took only a closer yIow of the individual . 
'^lementa aggregated in the construction of living things. 

In the impossibility, then, of recognising in the construe' 
lion of animate bodies auy elements or principles different 
dfroin the inanimate, the question nt last arose ; la there 
rcali; any such diHerence ? Thus the question stands at 
the present time, the burden of proof resting upon thoao 
who stlU maintain the existence of such a difiercnce. 

The question of spontaneous generation (autogeuy) is now 
being esamined and discussed with even more interest and 
with more probability of finnl solution than ever before 
in thehistory of science. The doctrine of evolution; which, 
may now be regarded as an accepted fuct, nnd which must 
soon become incorporated into the curriculum of our com- 
mon Echoola ; followed to its utmost limits, compels the 
ultimate admission of the spontaneous genesis of living 
matter. But an inference, however legitimate or rational, 
does not constitute a fact in natural or any other branch of 
Bciencfl. If the question could be settled by the mere ex* 
pression of opinion, I should say, with becoming diffidence, 
that for my own part, I side completely with Prof. Owen, 
the highest living uutliority in comparative anatomy, and 
nntil very lately, with Quatrcfoges, the most dangerous 
opponent to the theory of evolution, when he declares him- 
self the champion of spontaneous generation and maintains, 
ea in the last pages of the third volume of hU Anatomy of 
the Vertebrates, that the formation of living beings out of 
inanimate matter by the conversion of physical and chemi- 
cal into vital modes of force is a matter of daily and hourly 
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Bnt you will accept asconcIuBive no opinions, 
1 leave you, what you will doubtless esereise anyhow, the 
widest latitude of belief, until proof positive shall have 
been advanixd. But I warn you that there is here, as every 
irhece ia science, no room for fancy, feeling, or prejuilice. 
Cold OS ice, clear as crystal, science is a Bynonim of truth. 
"We cannot mould the truth to our wants and fanci< 
There is nothing left hut to adapt ourselves to truth, whi 
ever wreck of prejudice its revelations may imply. Aboi 
all things, truth. 

Whatever may have been the genesis of protopli 
under the very different conditions of the primeval world, 
or whatever it may be now under conditions somewhat 
similar, at the bottom of the sett, for instance, are quecitioi 
still unsettled. So far oa we have positive knowledge, 
it is of facts alone that we have any right to s^ieak, 
cell arises from a prc-cxistent cell. 
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&nd onrnU edlula e cellulk are other well-known axioms, e 
preasive of the exclusive derivation of new protoplasm from 
older protoplasm before it. Science at present recognises 
no other birth of protoplasm save that derived from parent- 
age. The microscope, in discovering the eggs of plants a 
animals in concealed places, has put to flight many « 
ideas concerning the Bpontoneous generation of animal a 
Vegetable life. And when these ova or germs have 
so minute (in the case of bacteria, etc.) as to have evaded 
the highest powers of the microscope, a beam of electric 
, light (Tyndall) has disclosed to the naked eye myriadsot 
combustible (organic) particles, the cultivation of which t 
breeding experiments (Dallinger & Drysdale) has results 
in visible forms. 
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Jteproduction and Xutrtiion, 

In our da^ wo regard the reproduction of prot«]iIaara 
eDtirely ns a phenomenon at nutrition. It ia pnrt of the 
chemicul nature of protoplasm that an isolated muss of it, 
iucrcaaed by asaiinilation to a i«rtain size, has the dispo- 
sition to divide, the divisiona again dividing, and so on, 
in the formatioa of new mosses, isolated as before. Re- 
production is division and separation in gron-th beyoiKi 
the natural limit of size. Nutrition and reproduction are, 
as we have seen, the fundamental characteristicg of pro- 
Ijjplasm, and they tttand in the most intimato relation 
toward each other. One continues the individual, ths 
other continues the species. Nutrition consists of a con- 
stant change of matter in the body of the individual ; re- 
productioii of a constant clinnge of individuals. Kntri- 
tion, in its essence, is only a reproduction of atoms of 
matter in the body of the individual, which atoms, when 
increased beyond the natural limits of size, separate to 
reproduce new iudividuals. Hence it becomes a physi- 
ological law that a more rapid nutrition implies a more 
rapid reproduction. The better fed domesticated animals 
breed faster than their ancestral wild forms. More human 
beings are bom in times of plenty than in times of famine. 
Of course, if the nutritive matter be consumed in the pro- 
duction of other forces, as in the growth of the body, 
muscular or mental work, the power of reproduction is 
limited. During youth and adolescence the force of re- 
production is alisent entirely, or is very limited. Animals 
made to perform mechanical (muscular) work have less 
progeny (stallions, etc., arc kept idle in the stalls); and human 
beings of high mental activity are comparatively intecund. 
Nothing BO completely detracts from muscular and mental 
force as venereal csccsa. 



Modes of Cell GenesU. 

With this knowledge of the physics of reproductim 
we nro not Eurpriscd to learn UiLit its material manifeatA-' 
tioQS are simply divirions of the parent cell. This dirisia 
may concern Iho protoplasm first, so that a noro t 
less central constriction, vertical or horizonta], deepens 
to a. furrow, and finally completely separates the mai 
moss and its nucleus (when it eiists) into two, each 4 
which then commences itH independent existence, 
more complex structures the division of the generative 
cell (ovum) proceeds, each diviaion suhdividing, until 
finally the original cell presents the appearance of a mul- 
berry. Thia process of segmentation, as it is called, pro- 
Tides separate atoms in each part of the subdivided ( 
for the construction of separate organs and tissues. 
wall of the original "mother" cell may remain 
while this "endogenous" production of new cells i 
Ing place within it, and may even take part in the conatruc- 
tioa of the new product, or it may burst, as it were, and. 
permit the new "daughter" cells to escape and provide 
for themselves. The ovum or primordial cell is a typical 
example of the first method of procedure, cartilage cells 
of the second. In the cartilage cell, as in the white blood 
corpuscles of mammab, birds and amphibious animals, 
and in the red blood corpuscles of the embryos of mant' 
mals and birds, the division first aflects the nucleus, 
which splits in two, each half aggregating about itself, by 
molecular motion, a quantity of protoplasm until the en- 
tiro moss is thus divided. Such corpuscles are sometimes 
encountered with 1-2-4 nuclei, each of which attracts suffi- 
cient protoplasm to subaequently form a separate t 
So-called "giant cells," which phiy such an important n 
in rapidly proliferating structures (cancer, tubeiculoai 
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etc.), arc produL'ed by a rapid mullipli cation of nuclei 
without corresponding division of the iurrounding proto- 

Or, finally, the dirisioa of the cell (probiplasm) may be 
more lateral than uniforni, protrusions shooting out from 
the niasa of protopliiam to finally separate from the parent 
cell. This method of division by budding, aa it is called, 
is mostly characteristic of the vegetable cell, but occuia 
also in animal cclb (polyps, tape-worms, etc.), and, aa a 
rale, in the regeneration of all cells after partial deetrui^- 
tion of tissue. The yeast plants (torulte) which rapidly 
develop in myriads in solutions of sugar, and arc the imme- 
diate cause of all ferinentation, are convenient objects for 
the study of reproduction by gemmation. 

The Death of CelU. 

The cell (protoplasm) having thus been born, it serves 
its special purpose in the animal economy, and dies. Tho 
linnl dissolnti<m and difuppearance of the individual cell 
may occur in several ways. In the first place, it may 
simply lose ita fluid contenla, dry up and desquamate, that 
is, be mechanically rnbhed away. Buch a mode of death 
characterises cells exposed to the open air, as the epithel- 
ium cells of the skin. Or, cells may perish from excess of 
fluid, be washed away and lost. This mode of death oc- 
curs in superficial mucus cells. The "rice-water" appear- 
ance of cholera dischai^s is due to the presence of mul- 
titudes of intestinal mucus ceils, washed ofT by excessive 
drainage into the intestinal tube. Cells again may be killed 
by such rapid increase (proliferation) in number as to effect 
mutual compression and expression of their fluidity, us In 
tlic caseous degenerations of scrofula and phthisis. 

But most cells die by liquefaction of their contents; 
couversioa of their protoplasm into fat, or mucus, oi water. 
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These sabetances are then absorbed from the shriveled 
cell wntl, which, in turn, finnlly disappears. Lastly, the 
protoplasm of the cell may be substituted by the sails of 
lim»?, and, undergoing this calcareous degencratio 
to functionate as cells. The vast majority of cells die a 
natural death by fatty or calcareous degeneration. 

ICecapttulatUin. 

The body of sn animal or plant coiiBiBts, as we have 
seen, of a single cell, or of an aggregation of such cells. 
Tlio eingle-cellcd Iwdics are said to be simple, the many- 
celled, compound bodies. These structures are, bowevc 
in essence the same ; the simple bodies being dimply sep- 
arated further from each other. One suck body (cell) 
depends for its existence (sustenance) upon other bodies. 
In the compound body, the single cells are also in 
individual, yet they are all mutuiilly dependent. A com- 
pound body is like a colony of ants or a hive of bees; 
completely iwlated individuals perish. The cells in a 
compound body are connected together by fluid, ( 
or Ic^ solid, intercellular substance. The intercellular 
substance is the product of cella. A compound body i 
made Dp of cells and intercellular substance. 

Claesificaliofta of the Tieauee. 

Like cells, differentiated from the rest, and grouped to- 
other for B. special purpose, constitute the organs 
tissues of a compound body. The body thus comes to 
made up of organs and tissues, each having a special and 
particular purpose to subserve for the benefit of other 
organs and tissues as well as of itself. The body is, hence, 
constructed upon a plan of a division of labor; just as 
society is compoeod of farmers, tradesmen, thinkers, etc 
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Anatomkai Clamjication. 

If wo regard the tiBauea ot tbo body eiinply from an 
anatomical etand-point, we recognize; — 

1. TisBuea composed of simple cells, with fluid inter- 
cellular subatancp, na the blood, the lymph and chyle. 

2. TissueB composed of eimple cells, with a Hniall 
amount of solid intercellular subatance, as the epithelium, 

3. Tissues composed of simple or transformed cells 
cohering (in some cases), situated sometimes in homo- 
geneous, sometimes in iibrou», and, as a rule, more or less 
Bolid intermediate substance, as cartilage, colloid tisaue, 
adipose tissue, fibrous and elastic tissue, dentine and bone 
(conneetire tissue group). 

4. Tissues composed of transformed, and, as a rule, 
non-cohering cells, with scanty, homogeneous and more 
or lesa solid, intermediate substance, an enamel, lens and 
muscle. 

5. Tissues so mixed as to admit of no grouping under 
any of the above heads; as nerve tissue, gland tissue, 
vessels and hairs. 

This JH the Jiistologieal classification of Frey. 

Chemical ClaasificaUon, 

If we regard the body from a purely chemical stand- 
point, we shall have to recognize its separation into the 
three great classes of proximal* principles: — 

1. The inorganic principles ; definite in their chemical 
composition, crystalliaibic, derived oitclnsively from with- 
out (forming to great extent the crust of the earth), sub- 
serving their special purpose in the body and then being 
voided from it, having undergone little or no change; as 
water, common salt, phosphate, of lime, etc 
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2. The non-nitrogenized or hydro-carbonnceous prin- 
ciples; wliic'i, nj their ii:iinc implies, contain no nitrogen, 
but aro made up of carbon iiv large quantity, and o£ hydro- 
gen and oxygon; prineiplea which do not belong to the 
cruat of Ibo earth, but or<' formed excluaively in the 
bodica of animals and plants, where they undergo Buch 
changes aa to be entirely broken up and consumed as such; 
OS starch, the Bugara and the fata. 

3. The nitrogenizcd, albumcnoid or protein bodies; in- 
definite in their chemical composition, containing nitro- 
gen and mineral matters in dddition to the carbon, hydro- 
gen and oxygen, varying in consistency according to the 
coneiatence of the organ in which they arc found, hygro- 
scopic (that is, having the power to absorb water and bo 
restored to their original consistence after' desiccation), 
coagulablc, spontaneously or artificially, and undci^ing 
fermentation and putrefaction, by serving ns food to 
microscopic animalaand plants, which spiit up their chemi- 
cal combinations into new compounds (alcohol, carbonic ^ 
acid gas, water and other products of decomposition), 
principles also formed exclusively in the vegetable or ani- 
mal cell and undergoing entire change in the body. 
Esamples of this class of proximate principles, which 
includes a|jM the coloring matters and certain crystallized 
products of excretion, are aJbumen, fibrin, casein, myosin, 
pepsin, lecithin, h^moglobidin, urea. etc. 

This is the chemical classification of Kobin and YerdeiL 

PhytMogieal Classijication. 

If, however, we regard the construction of the body 
from a purely physiological stand-point, we shall liave to 
separate the tissues into classes according to pre-eminence 
in especial i<ro|>ertie8, with all the restuf which each one 
is endowed in subordinate degree, as : — 
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1, Tbe tisaucs emini^nll; iDDoLnnlcul ; bono (induiJing 
te«^lli), outside IttjersufcpithcUuni (including hair mill nails). 

2. The tiaauet eminently contractile; the muscles. 

' 8. The tissues emincDtlyirritublo; thu nerves (and nerve- 
centers). 

4. The tissues eminently secretory (including escretory) ; 
the digestive, geai to-urinary, pulmonary, etc., epithelium. 

5. The tiaauea eminently mctabulic (elaborative or trans- 
forniBtive); the glanii cells. 

6. The tissues emineiitly reproductive ; the ovary and 
Uio testis. 

This is essentially the classification of Michael Foster. 

A study of these three methods of claasification gives 
a clear survey of Uic construction and aetioa of the 
various tissues in the body, whether simple or complex. 
These properties and actions in the aimptc-st forms of 
protoplaHm, like the amojba, are very tew and very limited. 
TJuder favoring conditions and in ninny millions of yearK, 
nggregatt^d musses of protoplasm builil up the most 
complicated structures. At various periods in the history 
of our earth. 



different animals have successively held the dominant 
plnce. At the present time the highest and moat complicated 
structure is the body of man. But the principles of con- 
atruction, the general properties of composition, remain, 
everywhere the same. What is true of the monad, is true 
of man. The binary compounds of inorganic matter, 
carbonic acid gas (COO), and water (HHO), are raised in 
organic matter to ternary compounds, starch, etc. (CHO), and 
upon the question whether this rearrangement of elements 
happens naturally, i. e,, chemically, or supernatural ly, resta 
tbe most momeotouB problem of our day. 



I 
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LECTURE VIII. 

BONE AND ITS PROPERTIES. 

CONTENTS. 

Anatomical Dijjnity of Done — Relation of Bone to Nerve Tissue— 
The Skeleton — The Gcnenil Properties of Bones — ^The Ilistolo^ry of 
Bi)nc— Tlic Haversian Canals — The Lamellx — ^Thc Bone Corpuscles 
aiul Lacunaj— Ths Canaliculi— The Chemistry of Bone — Difficulties 
Attending the Study of Osteology — Bones as Fuel — Gelatine as an 
Aliment — The Resistance and Resilience tff Bone — Constancy of 
Chemical Composition — Rachitis and Ostco-Malacia — The Phosphate 
of lAinc — Th;! Preservation of B.oae — ^Bonc a Connective Tissue — 
The Formation of Bone — The Periosteum — The Centre of Ossification 
— The Determination of Ajc — The Femoral Epiphyseal Centre — The 
Excavation of Bjne— Air in Bjnc — The Marrow — Studies in Livings 
Bone — Bone as a Symbol of the Body. 

The Anatomical Dignity of Bone, 

Bone has a structural dignity which is attained, with one 
exception, by no other hard or solid formation in the 
economy of nature. The existence of true bone in the 
body of an animal brings it to rank at once among 
the class of vertebrates. Wherever is bone, is a spin^ 
column. The hard parts of all invertebrate animals are 
made of horn and shell, never of true bone. Even the 
teeth, which alone among other solid structures enjoy the 
same exceptional place, from the stand-point of compara- 
tive anatomy, could not be present at all, were it not for the 
fact that their roots are incrusted with a layer of bone, the 
cement, whose periosteum fusing with that of the alveolae 
of the bones of the jaws, secures their fixation in the body. 

Relation of Bone to Nerve Tissue. 

For the bono in the spinal column of the vertebrata 
stands in the most intimate relation to the great chain 




rolldonal utiDD. T, senEitive surface. 3, molat structure. A, afferent ucrve; 
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of nervous matter, the spinal cord, which it encloses and 
protects. Each vertebra corresponds to, and is developed 
in connection with, one of the primitive ganglia of the 
nervous system. Above it and below it emerge the spinal 
nerves. So that a vertebra has been defined to be ''a bone 
or axial segment of the skeleton included between two 
pairs of nerves." The subsequent growth of the column, 
however, faster than the cord, disturbs this topical 
relation so that the cord which at the third month 
of intra-uterine life reaches as low as the end of the 
sacrum, if not to the coccyx, stops short in the adult at the 
second lumbar vertebra. The spinal nerves then come to 
pass down from the cord and out through the interverte- 
bral foramina with such a degree of obliquity, increasing 
from the first to the last pair, that it would seem as though 
the cord had been drawn upwards, bodily, within the spinal 
canal. 

The Skeleton. 

The bones of various shape and size, jointed together 
in various ways, constitute the skeleton or scaffolding, whose 
disposition determines the size, shape, posture, in short, 
the configuration and habitus of the animal : — Ossa autem 
corpori humani Jormam^ rectUudinem et firmitatem conciliarU 
(Galen). 

The word skeleton is often said to be derived from 
(Tx^A^My to dry up, in the sense in which this term was used 
by Herodotus who speaks of . the sole aridum el ejcsiccat- 
um cadaver^ which the Egyptians exhibited at their festivities, 
with the greeting, edite et bibite, post-mortem tales eritisl 
Skeleton is more probably derived from ax^^^y thigh 
bone, which, as the largest bone in the body, had its name 
used as a designation for the whole structure (Hyrtl). 

In the Crustacea, molluscs and in insects, the skeleton. 
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of bIicII or horn, ia on the exterior of the body. Tho first 
example of internal skeleton is met In tliu coplialopoJoua 
molluecs in which certain cartilaginous plates are incloaed 
in the body of the animal protecting certain parts of the 

General Properties of Bonei, 

The elongated, tubular, bonee oE the extremities serve as 
levers for tlic muaclea, to the action of which, by Iheir 
restriction of movement, they lead precision and effect. 
Hence the bones are often mentioned as the passive organs 
of locomotion. Spread out in gurfaces, more or less flat, or 
stretched out in rods, more or leas flexible, they form cavities, 
tlio skull ; or basins, the pelvis ; or cages, the thorax, for 
the protection and support of the softer organs. Broken up, 
aa it were, into smaller fragments, with irregular surfaces 
and spongier structure, often with intercalated cartilaginous 
pads, they act as bumpers or cushions to break the force ut 
shocks, as at the wrist and ankle and in the spinal column. 
Contracted in their shafts, or alternately convex and 
concave in their course, as in the long bones and vertebral 
column, they give space for the origin and lodgment of 
muscles, and support to the heavier organs, and expanded 
at their ends, they widen the surface of articulation, aflbrd 
room for the insertion of ligaments and tendons, and furnish 
fulcra for the action of the muscles, by distancing the 
point of insertion from the centre of motion. Increased in 
weight and size near the trunk, they give momentum and 
range to the movements of the body, and abbreviated in ell 
their dimensions at their distal Gxtremities, they lend celerity 
and accuracy to its various actions. They are thickened 
into massive bars and plates as in the pulics and ilium, 
thinned down to papyraceous sheets, or rolled up in delicate 
scrolls as in the nasal foasaa, projected in vast promontories 
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5n the various tul>ero8itie8, or reduced to insignificant frag- 
ments as in the bones of the ear, all for purposes familiar 
to every student of anatomy. 

The Histology of Bone. 

The microscopic appearance of bone is characteristic. 
For bone belongs, histologically, to the group of the con- 
nective tissues and hence consists, primarily, of a network 
of stellate ramifying cells (bone cells, bone corpuscles, cor- 
puscles of Purkinje, etc.). In the subsequent process of 
ossification these cells desiccate and leave spaces, lacunsc, 
filled with serum or air (carbonic acid gas). The hardness 
of bone is due to the deposit of various mineral salts, prin- 
cipally of lime, in the intercellular spaces. Any doubt as to 
the nature of a substance is at once resolved under the 
microscope, so far as bone is concerned, at a single glance. 

The distinguishing characteristics of bone are four, viz., 
First, 

The Haversian Canals, 

These canals are the conduit tubes for the bloodvessels, 
the main trunks of which penetrate the surface of the 
bones at the so-called nutritious foramina. Reaching the 
interior of the bone, the canals ramify throughout 
its substance, varying in size from ^o-!>utt ^^ ^^ ^"^^ 
(0.1128-0.0149 mm.) in diameter, so completely suj>- 
plying all parts of it, that no osseous tissue is removed 
from its nutrient blood at a greater distance than 
the T^ir of an inch. The abundance of the blood supply to 
bone imparts to it a pinkish hue, though the fundamental 
color of bloodless bone is a pale gray, except in some fishes 
where it is green. Bone, like all other vascular structures, 
is liable to inflammations, and wounded bone bleeds. In 
cross sections of bone, the bloodvessel canals, called also the 
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Haversian cannla, to perpetuate the name of their i 
coTerer, Clapton Haven (1091), nppcar as ruuoded o 
openings of various size, i/i long eecttoiis as split canu1». 

Where the Ijone tissue is so thiu that it mny be dire 
nouriaheJ by the vessels in the two enclosing 1 
periosteum, as in the laminte papyraccie of the ethmoid h 
and ia the translucent legions oF the palate and lachrym 
bonca, and in the leaves of spongy tissue every whej 
Haversian canals are not developed. In the flat bon 
tbo cranium, ete., and in the sternum, the Uavcruian c: 
radiate in stellate form from definite points (from the tub^ 
fron tale, pa rie tale, etc.). 

Second, 

The Lamella: 

Bone tissue is deposited in layers, 6-15 in number, e 
about -gJas of an inch (0.0(N)5 mm.) in diameter, about t 
bloodve3sels,thooldcst layers being, like geological strata, tj 
deepest, that is, nearest to the veasela. Or, the layers c 
formed from the under surface of the periostenm n 
encircle the entire bone. As the bone continues to grow, the" 
relation of these layers to each other, of courso, undergoes 
change. That is, they appear to abut against each other 
like the upheaved volcanic strata of the earth ogainst thq^ 
horizontal aqueous strata. The Haversian tamcliie lis o 
centrically about the bloodvessel canals, and f 
canals in the long bones run, for the most part, [■ 
with the long axis of the bone, the Haversian himellae f 
scries of columns about each other throughout the leiigtli A 
the bone, connected with each other, braced, w 
the lateral columns about the lateral anastomosing canals. ■ 

A singular system of lamelliB first described by Sharpc 
(1856), as perforating bone fibres, pass from the under si 
lace of the periosteum downwards through the circul 
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periosteal layers "like nails through the leaves of a book, 
pinning thenf together." They arc found in human bone as 
well as in that of other mammals, but more frequently in 
amphibia and fishes. They are the residue of the connec- 
tive tissue substance, the original matrix of bone, and hence 
are not found among the Haversian canals. 

Third, 

Tlie Bone Corpuscles, 

corpuscles of Purkinje (1834), or rather the lacunae, the 
spaces left after disappearance of the corpuscles. 

These lacunse, ovoid, and with their radiating canaliculi, 
stellate in shape, are seen profusely scattered about in the 
microscopic field (Harting. counted 910 in a. square milli- 
meter of bone), lying between or in the various 
lamellae. They measure from T^^^^ir fott ^^ *° i^^ch 
in their long diameter by about ^-'jj^ of an inch in width. 
(0.0181—0.0514X0.0068 mm.). The lacunae (/^/coc, lake), 
as already intimated, are the open spaces filled with serum, 
in dried bone with air, representing the sites of the original 
bone (connective tissue) cells. In the process of ossifica- 
tion, mineral matter comes to be deposited about the bone 
cells, which finally disappear, leaving the lacunae as moulds 
indicating their former site and size. The original bone 
corpuscles (protoplasm) or cells, with their elongated 
nuclei, may only be obtained from fresh (growing) bone 
whose mineral matter has been dissolved out by hydro- 
chloric acid. 

Fourth, 

The Canaliculi, 

These are the minute wavy canals which make communi- 
cation between different lacunae, between lacunae and Haver- 
sian canals, and between lacunae and the general medullary 
cavity (the marrow). They merit the diminution appended 
to their name, as they measure but from yJ(riroiy ^^ ^^ i^ch 
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in length and ^,1^^-^^ of an ineb (0.0514X0.0008 mm.) in width... 
Wlii;llier llic contractile bone prutoplaam protruilea fllifurm 
proccaseH into thctio tubes, or whether they permit to 
circulate in their interior, nutritive juices to ultra-vascular 
partH, are questions etill unsettled. That they may serve as 
communicating tubes is proven by the appearance of mer- 
cury iu uumbcrless points upon the surface of bone after 
its insertion into the medullary cavity. Gerlach aucceeded 
in injecting bono with various coloring and hardening sub- 
stances in tho same way. 

These are the four distinguishing characteristics of bone. 
Any tissue which does not eshibit them under the micKt- 
scope, liowcvcr analogous in all its properties, as the ivory 
or the dentine of the teeth, is said not to rise to the anatom- 
ical dignity of true bone. ' 

T/n ChemUlry cf Bone. 
Done lias been repeatedly analysed by the most expert 
chemist^ and though the results obtained have dilfered in 
unimporLint details, on account of tho dilSculty of freeing 
its tissue from substances (fat, blood, etc.), with whicli it is 
intimately commingled, tho general conclusious remain 
about the same, Tbua bone is found to be eompuac-d of 
two-thirds mineral and one-third animal matter, sxi the 
following table, deduced by Lehman from the bob', :>nalraca, 
exhibits ; 

Composition of Bone. 
Phosphate of Calcium, ...... s? 

Carbonate of Catciam, -------.8 

Fluoride of Calcium, - 1 

Phosphate of Magnesium, ------ 1 

Mineral matter, - - - - . e? 

Animid matter, ----- 33 



I 
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The mineral may be readily separated from the animal 
matter liy maceratioD of the bone in dilute hydrochloric 
acid. The size nnd shape of tho bone remains iwrfcctly 
preserved by the animal matter left, which, however, ia ho 
soft and pliable that long, slender, bones, like the clavicle 
oi fibula, may be tied in knots, or flat bones, like the ecapula, 
cmmplcd in the hand. 

The animal matter may be likewise destroyed while the 
mineral matter remains. When a bone ia subjected to 
sufficient heat in an oven to drive ofT (decompose) animal 
matter, the bone first turns black from the carbon deposited 
on its surface. The carbon ia subsequently volatilised 
(oxidised), however, escaping as carbonic aeid gas, leaving 
only the white bone ash. Though tho size and shape of the 
bone are still preserved in every particular, the cohesion of 
its particles ia nearly destroyed, the whole structure crumb- 
ling away on the slightest touch. Tho bones in the ancient 
catacombs are thus wholly, or in part, reduced by the 
gnawing tooth of time. 

Difficultki Attending Ike lifudi/ of Oslcolor/i/. 
If bones bo cjtiwsc'l to the air and suu during this pro- 
cess of reduction, they gradually dry up and bleach to the 
color and consistence of their mineral constituents. It was 
only from such specimens, rejected by the Tiber, or found 
upon the battle-fields of slaughtered Germans, that the 
ancient Romans could prosecute their studies in osteoli^y. 
What bones escaped cremation with them had to be 
religiously consigned to putrefaction in the earth. Galen 
was compelled to travel from Porgamos to Alexandria to see 
3, perfect skeleton. It is highly probable that he never 
opened a human body, as his descriptions of oi^ans are 
only those of the ape and dog. "Tho age in which he lived, 
says the historian, offered, yearly, thousands of human lives 
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to thepaprice of the Roman people, and their cruel EmpcTW 
even cast them ns prey to the wilil beasts of the Coligeum, 
hut would not grant one single dead body to tlie study of 
science" (Hyrtl). 






Fuel. 



So long as the animal matter of bone remains, however, 
it is, of course, combuetiblc, and is even used as fuel in 
places where ordinary fuel is scarce. Thus in the Faltlard 
inlands, nhero trees are few, the inhabitants roast, the flesh 
of cattle upon iirea made frorn the bones mixod with turf, 
and Darwin, in liis Voyage Bound the World, relates that 
the Guachos in South America, where there wiis Tcry little 
brushwood for fuel, soon made, to his great surprise, a fire 
nearly aa hot aa coats, from the skeleton of a bullock lately 
killed, whose flesh had been picked away by the carrion 
hawks. They told him that in winter they often killed an 
animal.cleaned the flesh from the bones with their knives and 
then with these same bones roosted the meat for their suppers. 



Odatin, 






When bone is boiled with water, its animal matter ig 
verted into gelatine, proof that bone cartilage is 
cartilage, which, when boiled, yields chondrin, a very 
diflerent substance. Though the gastric juice will attack 
and dissolve gelatine, it has very little, if any, nutritive 
properties, and should never, in any of its forms (jellies, 
isinglaaa, IceUnd moss), be relied upon as an article of diet. 
It has the semblance only, not the aubatance, of food. The 
gelatine and the marrow having been extracted from in- 
gested bone, the mineral matter escapes with the feces. 
Such hard, white, feculent, matter from the dog was admin- 
iBt«red as a remedy to epileptics in old times, under the 
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classical name of "Album Greciim." It is a subject for con- 
gratulation that the therapy of this disease has been some- 
ivhat improved since then. 

The Resistance and Resilience of Boiw, 

The proportions in which the animal and earthy matter 
are united in bone endow it with its peculiar combination 
of properties, resistance and resilience. Bone has twice the 
resisting force of solid oak and nearly three times as much * 
(is ash or elm. The elasticity or resilience of bone, aided by 
the cartilaginous structures to which it is attached, enables 
it to greatly economise muscular force. For example, the 
return of the thorax after inspiration, that is, the whole force 
of tranquil expiration is effected by the elasticity of the ribs 
and cartilage, and the deflected spinal column resumes its 
original position in the same way with the ease and grace of 
motion observed in a bent spring when the force has been 
relieved. Bone resilience is readily demonstrated on the 
skeleton by the force required to hold the flbula against 
the tibia. When the clavicle, detached and held at a right 
angle to a hard surface, is struck upon the end with a ham- 
mer, it will rebound to a distance of tw^o feet or more. The 
equal and much greater concussion, often received upon 
various parts of the body, is dissipated and lost, on account 
of the elasticity of bone, before reaching the delicate organs 
enclQsed. The relative resistance and resilience of bone is 
exhibited in the experiment of Bloan, who found that a 
square inch of it (cross section) only broke under a load of 
368-743 hundred-weight, while a square inch of copper rod 
gave way under 340 and of Swedish wrought-iron under 648. 

Constancy of Chemical Composition, 

So admirably are the organic and inorganic matters 
blended in bone to secure the properties and subserve the 
purposes required, that any variation in their proportions 
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in the difTcrent bones of tlie eame animal, or lit diXTercnlg 
perioda of life, or even among diflerent anjmals, 13 exceed^! 
in^ly small. There is a little more earthy matter ia thfl 
long bones of the extremities tlirui in those of tlie trun^ 
and a little more in tbe larger bones of the extremities thait 
in llie smaller, but the increase la very Blight and ia i 
way proportioned to the deusity or hardness of bone, whfaAi 
is determined solely by the compactness of its tissue, 
thefiexibie, semi-transparent, easily divided, bones of thft 
fish contain as large n proportion of earthy matter as tha 
ivory-like leg bones of the deer or sheep, Bibra found the 
proportions uf animal and earthy matter, contrary to the 
statemeiitst usually made, very nearly the same in the bone* 
of the fcetua of seven months, in those of a man of thirtjp* 
and in those of a woman of seventy-eight, and Dr. Starii 
concludes from his numerous analyses "that the amount o 
earthy matter in healthy bones is nearly uniform over the 
vholc animal kingdom; and that neither the Golidity c 
BponginesB, t!ic rigidity or flexibility, the opacity or trans- 
parency of bone depends on an increased or diminished' 
amount of the earthy matters in {ts composition." 
this constancy of composition which justifies the belief 
that the union of the animal and e-artfay matters i 
mechanical, but chemical. 

The differences in the bones at different periods of lifej 
naually ascribed to variations in the amount of earthy 
matter, depend entirely upon variations in the amount of 
botie substance, not at all upon variations in its physical 
construction. A foetal bone is just as dense and as hard to 
cut with a knife aa an adult bone ; it is more fiesible 
simply because there is less of it. It is the difference b&-. 
tiveen a little stick and a big stick of the same wood. The 
child's bones are lighter in corres[>ondence with its nimble ' 
and incessant movements, the bones' of the adult ue- 
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heavier and stronger in correspondence with the force of 
his muscles, and the old man's bones are lighter again in 
correspondence with his slower and more cautious move- 
merits. But the difference is entirely due to the deposition 
and absorption of bone matter in correspondence with the 
general nutritive force. A fracture of a child's bone 
unites more rapidly and of an old man's bone more slowly, 
not because of more animal matter in the child and less in 
the old man, but because of the high activity of nutrition 
in youth and ita gradual failure in advancing age. The 
difference in the strength of bone thus induced in the physi- 
ological decay of age may be made manifest by direct ex- 
j)eriment. Thus a prism from a cross section of the fibula 
in an adult aged 30 breaks under a weight of 33 lbs. (15.03 
kilogrammes), while the same sized prism from the same 
bone in an old man aged 74 breaks under a weight of 9} lbs. 
(4.33 kilogrammes). 

Bcuihitis and Osteo-Malacia, 

There are, however, certain diseased conditions which 
very greatly disturb the proportions of animal and earthy 
matter in bone, and thus lead to most disastrous deformities. 
In rachitis (rickets) and osteo-malacia, for instance, both 
the phosphate and carbonate of lime are often reduced to 
less than a quarter of their usual quantities. In rachitis, the 
mineral salts are withheld from the bone in the blood. In 
osteo-malacia, these salts were originally deposited but have 
been subsequently absorbed. Great care has to be exercised 
with rachitic children, as the bone yields to every pressure. 
Disfigurations of the head ensue from too long decubitus in 
one position, and deformities of the pelvis, such as in after- 
life may greatly embarrass the accoucheur, result from too 
long support of the child in one posture upon the arm of 
the nurse. Fortunately, this disease, which is an expres- 
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animal and mineral matter. Thus Davy found in the tooth 
of a mammoth SO.H parts animal to G9.5 mineral matter. 

Bonr, a Connective Tiasue. 

Notwithstanding its great importance, Lone does not 
belong to the primary or original tissues of the body. 
Many of the remaining tissues are fur advanced in develop- 
ment before bone puts iu any appearance at all. Bone 
belongs to the group of connective, or, bs KoUiker Iiaa 
better put it, the "sustentacular" tissues, but a subsequent 
transformation or elaboration of thi:< tissue is required to de- 
velop bone. As nny connective tissue may ossify, bone somo- 
timesappeaTBinstrangeandunwontedplaces. The skin, the 
fibrous membranes (dura mater), the tendons, the sclerotic 
coat of the eye, are naturally partly bony or contain bono 
in some of the lower animals and bone not uiifrequently 
preseuts in these structurea in man. Thus iny colleague 
Dr. \V. W. Seely exhibited to the Cincinnati Academy of 
Medicine an eye-ball which he had removed, containing a 
capsule of bone covering the entire inner surface of the 
choroid coat of the eye and referred to a case on record in 
ivhieli there waaa complete globe of bone covering the choroid 
and CKteuding across behind the lens. Most melancholy 
are the coses of so-called myositis ossificans progressivB, in 
which the inter-muscular connective tissue is converted into 
true bone, locking up the action of the muwles as fatally ns 
in the fabled metamorphoses of Ovid. Coses of this terriblo 
disease baa been put upon record by Rogers, Henry, 6kinner 
and Nikoladoni and our demonstrator of anatomy. 
Dr. BunsobofF, gives in detail in a. recent number of The 
Lancet and Clinic an account of a case which fell under Lis 
personal observation, where "the process of placing 
the patient on liia feet involuntarily suggested that 
of placing o statue upon its pedestal." Most of the 
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eo-called oBsifications of soft parts, however 
(«s in the iaryni, the lieart, etc.), turn out to be simple 
calcifications (infiltrations with mineral salU), a vtry inferior 
I the development of true bone. 



The Formation of Sone. 
For the most part, bone ia formed from cartilage. 
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more true to say that bone ia formed in cartilage, for tho car- 
tilage that ia to result in bone must entirely disappear 
before bone ti^ue can develop. Tho iiit^r-cellular epaccs 
in cutilngQ dissolve away, leaving medullary canals, and 
the cartilage cells become enclosed in lime suite (calcified) 
OS ttie first Btep in the proccaa of ossification. Then the 
calcified cartilage itself undergoes liquefaction and young 
fuTmative cella (probably lymphoid cells of the blood), 
emigrated from advancing bloodvessels, penetrate tho 
curtilage cavities to become, some of them at least, genera- 
tors of the oaaeous tissue. These "osteoblasts," as they are 
now called; later, they are the stellate bone cells; secrete 
from tliclr interior a thin layer of homogcneoua, opalescent 
matter, which ic subsequently infiltrated with tlio salts of 
lime, to constitute the first layer (lamella) of true bono 
tissue. A repetition of thi« process produces the aucceasivo 
layers or strata of bone about the bloodvessels, now known 
BB the Haversian canals. 

Tho vessels in the menibrano enveloping bone, the peri- 
osteum, which ia at first highly vascular, likewise furnish 
osteoblasts for the development of aucceBaive layers of bone 
alxiut its circumference. 

There ia, however, some exception to tho rule that bone 
Is moulded first in cartilage. For the fiat cranial bones, 
the upper and lower jaw, tlie nasal, lachrymal and palate 
bonea, the vomer, zygoma and finally Iho inner leaf of tlio 
wings of the sphenoid and the cornua sphenoidalia, in Ehort, 
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many of the bones of tlio tace snil nit the boni?s of tho lieod 
(eicept t!ie base of the occipital bone, which iaoften described 
OB a. eeparate bone belonging to tbo spinal cuIuiud), develop 
from membrane, that ia, from Ihe periostenm or pericranium 
in the BitQ of tho future bone. In all caaes, however, tba 
process is essentially the same. 

So active ia the powcrof the periosteum in the production 
of bone that the endeavor ia always made by the surgeon to 
BBVG it BS much us possible in exsectiooB of dead bone tissue* 
Great masses of bone, tho entire clavicle for instance, may 
ho reproduced, if tho under (generating) layer of periosteum 
be left uninjured. Inilceil, Oilier has found that pieces of 
periosteum transplanted from one part to another or from 
one animal to another will beget bone even in places where 
jt must be regarded as n foreign body, 

Tlie Penotteum. 
Tho bones, thus, do not lie naked in the body. They are 
all clothed witli a dense fibrous membrane, the periosteum, i 
which, in the first place produces the bone tissue, or reprt>- 
duces it after injury, from its under surface, and then, 
thickening as the bona develops, isolates and protects it I 
from circumjacent tisiues. Tlie periosteum thus acta a 
barrier against the invasion of disease. Tho shin bone, lor | 
instance, is long protected against damage from the so | 
frequent and so extensive ulcers of the leg. In cases where 
Ihe periosteum is scant or insufficient to cover the entire 
surface, superficial indanunations ensily dip down to I 
involve the underlying bone. Tliat the slightest wouoda oi 
contusions of the ends of tho fingers may extend to the I 
- insufiiciently covered bone beneath is proven hy the frequent 1 
e of tiiosc painful aflections known as whitlows ■ 
is felons. Hence the advantage of free and early 
1 tlieir treatment tu permit escape of the products 
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of inflammation. Lastly, the periosteum i» a surface Rlicct 
of fibrous tissue wrapped, as it were, about the bone to give 
firm origin and fixed insertion to muscles, ligaments and 
tendons. 

The Centre 0/ Ossification, 

The point at which the osteoblasts begin to form and 
from which the bone-making process irradiates to the whole 
structure is known as the ^'centre of ossification." But the 
period of time at which this centre appears does not at all 
correspond to the deposition of the primordial cartilage 
in the site of the future bone. Thus the cartilage of the 
vertebrae, the so-called notochord or chorda dorsalis, appears 
in the earliest days or weeks of development, while the first 
points of ossification show themselves about the beginning 
of the second month almost simultaneously in the clavicle 
and lower jaw. 

The Determination of Age. 

As the exact period of time in which ossification com- 
mences in the various bones, and the rate at which it ad- 
vances, have been definitely ascertained, it may be readily 
understood that we possess in such data the means for accurate 
estimate of the age of the bones or of the body. Beale has 
discovered that immersion of the body of the fcetus, or the 
new born child, in alcohol and soda (8 to 10 drops of solution 
of caustic soda to the ounce of alcohol) renders the soft parts 
80 translucent or transparent, without affecting the earthy 
matter, that the stage of ossification in the difierent bones 
becomes at once visible to the eye. 

Or the age may be determined by the size or length of the 
bones. Giinz has carefully prepared for this purpose a table 
of the dimensions of the various bones at birth. 
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The Femoral Epiphyaail Centre. 
Dut the rpiulicat metlioU of deciding the qucEtion rf 
maturity at birth, n question of great importance from a. 
forensio point of view, wus first eatablished hj BC-clard, and 
Buliscqucntly eklMrutcd by OUtvier, Hartmann atid Miid' 
ner. These invoatigatora fonnd tbat the most reliable sign 
of an adTanccd procesa of ossification was the presence of a 
"cuatre" in the losver end (epiphysis) of the femur. This 
centre develops m the eceond half of the last month of preg- 
nancy, before the existence, thus, of any epiphyseal contra 
in any other long bone of the body. Section of the epiphy- 
seal cartilage of this bone discloses ta the unaided eye, in 
the centre of the milt-white, cartilaginous, mass, a more or 
loss circular, bright, blood-red, disk, whose density easily 
dbtinguishca it as bone in the softer tissue about it. The 
comparative imperishability of bone makes this sign all the 
more valuable, as it may always be discovered though de- 
composition of tho remaining structures shall have bceu far 
advanced. In such cases it loses its bright red color, bc- 
comiug of a dirty yellow hue, but it still stands prominently 
forth and differentia tea itself from the surrounding decom- 
posing, reddish, matter by its color and its hardness. Once 
seen, it will bo always recognised again. In very small 
bones, it must be hunted out with a lens, but in bones of 
average size, it is plainly \iaible to the eye, Liman states, 
aa the result of GSO observations, that the presence of this 
nucleus of bone, with n diameter of over nine millimetres 
(4 lines), is the most unmistakable proof that the child was 
born mature, A less diameter (3 lines) would, of course, 
not disprove maturity at birth, as the bones in some indi- 
viduals are unusually small. Cases are narrated by Liman 
and Ollivier where decomposed and mummified parts 
only were found, and yet maturity at birth was thus 
eatabliahcd. 
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Ths Excavation if Lane. 
As bono grows upon ita exterior it \» nbHorbcd from the 
interior of its maas. This process of interior aljsorptioii oc- 
curs ta all bones alilie, regardless of their size, or shapo or 
use. Thus tlte boucs, in all ca«cs »olid at lirst, heeome 
kolloiTcd out iaKide. In the long bones, a great cavity (the 
medullary cavity) results, in the flat and irregulur. bones, a 
multitude of small communicating chambers. This spongy 
or cancellated tissue left by the absorption of the boue has, 
of couree, the same texture and composition as the still 
compact external layer. But its physical properties differ. 
That is, it is lighter and softer, and hence is bettor fitted to 
Tesist and disperse force. Yet the wholo Imne loses, in this 
loss of substance, little or none of its strength. For the 
long bones are thus converted iuto tubular structures, and 
every one, familiur with mechanics, m aware of the greater 
strength of the saino amount of subtitaucc arranged in 
tubular over that in solid form. The flat bones, as in the 
cranium, become, thus, three tables, of which the outer and 
inner are compact, and tho central, the diploo (from iia, n-Xcu 
to fill through, not from iTiTrXoHf double), is spongy tissue, 
Tho excavation of bone tissue iu this way, the stufiing of it, 
as it were, with resilient tissue, aided, of course, by the 
general arched form of tho bone, so disseminates, lateralises 
and absorbs shocks, in the case of the cranium, for instance, 
that the brain is seldom injured by a force insufficient to 
crack the skull. The irregular collection of seven or eight 
obliquely moulded, soft, bones at tho wrist and ankle, bound 
BO firmly together by ligaments as to practically be one 
bone, and yet movable enough to permit wide range of 
motion, is on admirable example of tho advantage of can- 
cellated structure in dissipating sliocks as received upon the 
hands and feet. Tho jaw bones, at their free edges, would 
be chipped away under the chopping and grinding action of 
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the teeth, were it not fur the cushion of epongy tinue (t£ 
alveohc) in which the U:ct\i are embedded. 

But this interior absorption of bone does not occur in 
Iiap-hazard way. If a long bontt, for instance, be split i 
two, lengthwi^, it will be seen that the spongy tLssae I 
arranged in a definite manner, that ia, that the individiu^ 
layers of bone, thus resulting, run in definite direction^ 
Suuh directiona are tnoet markedly manifest about thft 
Iieada and extremities of the long bonce. The interie^ 
plates hero form pillars, arches, buUrcaaca, "braces, bo c 
structcJ as to most efiectoally receive and transmit weigli 
from the artii^ular surfaces to the compuct tissue of t 
shaft. This architecture of bone, as it is called, has : 
ceived able ex^itionattbehtindsof a number of obaerven 
Wolfmann, Meyer, and others, in terms of highest admir^ 
tion. Indeed, the internal archite4!turc of bone was at on 
time triumphantly singled out as bo evidence of design 
creation. It is hardly necessary now to state that natui 
selection achieves, in the courses of ages, the highest a 
of design. 



The excavation of the interior of bone secures to 
their lightness. Hcnco it meets its highest expression 
birds, where the number of bones into which air is admitte 
is directly proportionate to tlie powers of flight. When tfaa 
trachea is tied in some birds, respiration may be sustainH 
for a time through an aperture made in the arm (wing 
bone. Thus, in the swift, air fmds its way iuto most of ths 
bones; whereas in the ostrieb and its allies, theshaftsof the 
long bones are partly occupied by spongy tissue, I 
apteryi, none of the bones receive any air at all (Humphrey). 
In flshcs, supported as they are, by water, all the bones am 
solid, as they are during the aqueous (intra-uterine) stags 
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liunum skull and skeleton to seeure the vultiui ad sidenu 

The Mairoti), 
The next lighteet medium to air is oil. Hence we find 
tho boneB of most laod animals filled with liquid fat. The 
longlKineaof the adult contain u marrow uf which 90 parts are 
oil. Large reservoirs are thus ineorted in the body, of this 
highly nutritiouH subatancc, uimn which draft is made in in- 
sufficient alimentation or inanition from any cause. The 
quantity of oil present in the ixmea is tlius indicative of the 
health and vigor of tho body ; hence the force of the com- 
ment of Job upon a man in the prime of liia strength, "hia 
bones are moistened with marrow.'' Timou of Athens 
Bays "consumptions sow in hollow bones of man," and Lucio 
{^Ueasure for Measure) remarks upon the cflects of chronic 
syphilis in the accusation "Ihy bones are hollow ; impiety 
has made a feast of thee." It has occasionally happened, as 
an anomaly of development, that this process of internal 
absorption of bone has not taken place. The bone then re- 
mains solid (compact) throughout. The celebrated anato- 
mist of Holland, Frid. Kuysch, is said to have possessed a 
fork whose handle had been turned from n solid human 
bone. 

Studies in IJrtn/^ Bom. 

In our studies of bone, dead and dried, as in afiatomical 
specimens, we are apt to forget that ixme in the body lives. 
Bone is as much alive as brain or blood. It absorbs, 
breathe^ secretes and reproduces itself like every other 
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living tissae. It hoa been Bliown hy Oilier that so long a 
bone tissue retains its vitality, it may be removed from o 
animal to imothcr, or be tranaplanted to various parta of tb^fl 
euiDC animul, and not only continue to live, but also ii 
in bulk. 

The absorptive power of bone is elegantly exhibited byl 
feeding animals with coloring matter having an atSuity 
for tho phosphate of lime. It was long ago accidentally 
discovered by Belchier that madder fed to pigs imparts ila 
color to tlie bonca. If the animal be very young, the whole 
skeleton may be thus colored in a single day. In oldecj 
animals, the coluration is more slow and less perfect, onljTfl 
the growing parts of the bone, na at tlio ends and surfaci^il 
assuming color. Periodically administered and withheld, iti 
produces alternate layers of red and white. Belchier firaU 
used this agent as a means of studying the growth of bonei fl 
and Tomes prepared beautifully colored specimens in this ' 
way. That long bones grow in length only at the ends, 
after ossification of the shaft, was conclusively' proven by 
the experiments of Ilalc-s and Hunter, who inserted into the 
shafts metallic substances, certain distances apart, and 
found, after an interval of time, that the distance between 
them remained the samo, while the extremities of the bones 
were much further apart. And that bone grows upon its 
Burface and is hollowed out in ita interior, n'os as concln- 
uvcly proven by du Hamel, who put a silver ring on one of 
the long bones of a pigeon, and found it later in the 
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wild animalx. TLe log bones, under conditions of security 
and plenty, greatly iocretuo in size, while the wing Iwnca 
diminiah. The lepof Bailors employed in the late wiir were 
bnger by 0.217 of an inch than thoitc of the Boldiers; 
though the sailora were, an an average, Bhorter men ; while 
their arma were shorter by 1.09 of itn inch, and therefore 
out of proportion shorter, in relntion to their lesser height. 
lUnggcr attributes the this tegs and tliiok nrms of the 
Payaguns Indians, to aucccsaive generations having passed 
their whole lives in canoes with their lower extremitiea 
motionless. Darwin, in his Deaoent of Man, from which 
work these examples are cited, gives abundant evidence ex- 
hibiting the changes occurring in different bones under 
dltTerent conditions. Thus in long-eared rabbits, even bo 
trifling a cause as the lopping forward of one ear, drags for- 
ward on that side almost every bone of the skull; so that 
the bones on the opposite side no longer strictly correspond. 
The life of bone is strikingly shown in the absorptive 
changes which ensue upon long continued pressure. The 
flat heads of Indians, short feet of Chinese, and bent ribs of 
more civilized races, are all proofs of the yielding of bone 
under distorting pressure. Not very long ngo, a case was 
reported in Vienna, where a young girl died of inflamma- 
tion of the brnin caused by the long continued and gradually 
tightening pressure of an clastic cord used to confine a net 
for the hair. The cord had absolutely cut tiiruugh the 
cranium to the brain. 

Quito recently, M. Oilier has showii that it is possible, by 
irritating the ends of bones, or the periosteum upon their 
surface, to greatly alter their size and shape. We may thus 
secure, he claims, a harmony of development between two 
parallel bones, on the one hand, by increasing the activity 
of development of the bone in arrears, on the other, by re- 
tarding or checking the deTelopmeut of the bone in excess 
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Nothing, however, haaso mucheievHteJ the phyBiological 
dignity of hone aa tho recent revelations of Neumann and 
Bizzozero, to the efTeut that a vast number of the blood 
corpuscles, the most essential element of thia most csseulinl 
fluid, are developwl in the marrow of bone. These obaervero 
have discovered in the marrow a!l the transition farms 
between tho white lymph corpuscles and the red blood cor- 
puaclea, so that bone comes to rank with the liver and the 
spleen as one of the cradles in the rearing of tbo blood. 

Bone is often used as a symhol of tho whole body. 
"FIcsli of flesh and hone of bone" ia the phraae used to ex- 
press the intimacy of the conjugal union. Was not from a 
rib in the same symbolic sense developed tbe whole fcmjile 
body 7 Schiller says jestingly ; — 

"Bphnndcll die FrnoBn ijiltNnchsiehH 



Goi] c(niJd not muke facr pcrfetllT flrniglit, 
Ifyou bend lier, ebu will break.) 

But it was reserved for M. Frederic de Rougemont, 
a diatingnished theologian, ta solemnly an no once a 
satisfactory reason why ''God in his infinite wisdom 
selected the rib in preference to any other bone of Ad&m's 
body." Heaaya: "He took no piece of the head — woman 
would then have had too much intelligence ; He took no 
piece of tho legfi— woman would then have been too much 
on the move ; He took a piece near the heart, that woman 
should be all love 1" - Gretchen singa in her utter desolation : 
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Agamemnon (Troilus and Cressida) is addressed : — 

"Thou great commander, nerve and bone of Greece." 

and when Achilles, later in the same play, wished to express in 
the death of Hector, the total overthrow of Troy, he exclaims : 

**Now Troy sink down, 
Here lies thy heart, thy sinew and thy bone.'» 
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MUSCLE AND ITS PROPERTIES. 
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Etymology of Muscle — Muscular Motion — Striped and Smooth Muscle 
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Tonicity, a Reflex Phenomenon — Tonicity of Involuntary Muscle — 
The Sensibility of Muscle — Sensibility and Sensation — The Sensation 
of Fatigue — ^The Exercise of the Muscular Sense. 

Etymology of Muscle, 

The muscles are the active organs of motion. The word 
bone (Saxon, ban ; Swedish, ben ; Danish, been ; German, 
bein), meana something set or fixed. The word muscle 
(Latin, musculus) originates, according to some etymologists, 
from fivg, a mouse or rat, because the ancients compared the 
muscles to flayed rats or mice, but is more probably derived 
from fivecv^ to move, motion being the most striking and dis- 
tinguishing property of this tissue. Brawn, an old English 
Bynomim of muscle, expressed the fact that the bulk and 



strength of the body n 
flesh or muecle. 



i expressed or made manifest it 




Mntcular Motion. 

Tliough tbo mere cxieteoce of motion can not, as ODco ' 
taught, be accepted as a ]x>iiit of dificroutiation between 
iiainuila and pbmts, because it is a protoplasmic endowment 
common to both, neverthelesa a. high degree of it and a 
ready exhibition of it does distinguish animals high in the 
scale of dcvelypmeut. All visible motion is produced solely 
by the action of muaclea. The complieated nioveraentaof 
the higher forma of animal life rcq^uire a great number of 
muscles, properly disposed and adjusted in their arronge- 
lacDt, quickly responsive in their action, and nicely- poised, 
coordinated, and autagonised, in their effect. In maii there 
are, subject to the amtrol of his will, over one thousand 
muscles, whoso mass constitutes half the bulk or volume of 
the body. 

Besides these so-called voluntary muscles, this tissue in 
the form of fibres or layera enters into the composition of 
neatly all the organs of the body connected with the vege- 
tative life. The digestive, respiratory, circulatory, genito- 
uriaary, etc., systems are in part constructed of muscular 
tisiiue whoso iusensiblo action is involuntary, that is, beyond 
the control of the ivill. 

Sfrljifit and Smooth Musde. 

Tlio voluntary are readily distinguished from t!io in- 
voluntary muscles uuder the microscope by the faot that 
thevoluntary muscle fibres aro striped while the involuntary 
aro smooth. Yet there are some exceptions to this rule. 
The muscle-substance of the heart, for iusCance, is striped, 
though its action is entirely beyond the control of the will, 

Ib also that of the pharyns, of the rectum and urethra. 
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Wherever promptitudo of response aiid power of contrnc- 
tiou is needf d the muscular tiasue ia always striped, whetlior 
voliintjiry or not. 

In man and the higher vertebrates these two vnrieties of 
muscular tissue nre disCinutly separated, but in the lower 
vertebrutes, and still more markedly in invertebrates, transi- 
tion forms occur. In the echinodermiita (star-fish, sea- 
urchins, etc.), all the fibres are smooth, as al«o, in the rule, iu 
the molluscs. In the helminths the muscular fibres are 
almost always smootli, the only iustanco of atriped muscle 
existing, strange to say, not in the apparatus of locomotion, 
but in the uterus of theechinorhynhhus nodulosus (I.cydig). 
It should be utated ako in this connection that aomo fibres 
which were formerly regarded as smootli are now known to 
be Btripod. Thus Jlargo discovered that the closing muscle 
of the bivalves, hitherto described aa uustriped, under high 
magnification and fine definition, distinctly exhibits very 
fine striiG or Btripes. And that the marked degree of difler- 
ence formerly attached to the histological division of muscu- 
lar tissue no longer holds good is evidenced by the fact, 
reported by Vierordt, that the same organ in difterent ani- 
mais has sometimes striped and sometimes smooth fibres to 
accomplish the same purpose. In the body of man, the 
heart, whose action is involuntary, ia eouiposed of striped 
muscle, while the accommodation of vision for objects at 
different distances, a voluntary act, is elfected by the un- 
Btriped, involuntary, clioroid muscle. 

The Calor nf Mutdc. 
The deep red color of striped muscle, is partly due to 
the blood which circulates throughout its substance, in a 
rectangular network of capillaries, whose distribution is 
among the finest in the body. The cruel custom prevailed 
aJDong butchers, formerly more extensively than now, of 
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snbjecting young nnimals, cnlves, etc, to frequent bleedings 
before finul skughter in order to render the AchU murs 
tender. Tlie buttben were said to "bleed the animal 
white" as the muscle thus became much puler in hue, but 
no abstraction of blood wUl mate muade absolutely color* 
leas. Even tbougb a muscle be washed free of bloo^ 
outside of the bodj, or water be injected into its vessels 
until it eacai>es colorless, the muscle aubstnaoe will etitl 
preserve a. distinct amber hue, which ma; be regarded m 
intrinsic color of muscle protoplasm. Kolliker olMerve». 
that the color of muscle is due^o the presence of a coloring 
matter analogous to, hut independent of that of the blood,, 
and Fremy baa given to this peculiar yellow coloring 
matter, in the case of the salmon and other fish, the name^- 
Balraonic acid. Kuline and Banvier washed out red muscles 
with '■aJtificiol serum" (a half percent, solution of eommoB 
salt) and establiabed the fact that the color of muscle is n 
duo to the presence of blood, but to hiemoglobiD. 

The Anatomij of Voluntary Miaele. 

Striated muscles, of the size and shape adapted for tbA 
special purpose, consist of bundles, fasciculi, aggregated in 
mass, and enveloped in firm but elastic sheets of connectivft. 
tissue, which also sends in partitions to surround the smallei^ 
bundles within. These smaller bundles, with intervening 
bloodvessels, conneetive tissue, and fat masses, are distinctly' 
visible on cross section of a muscular mass. In longiti 
dinal separation of the bundles, wo finally arrive at tba^ 
ultimate muscular fibre, with its investing sheet of conneo-' 
tive and elastic tissue, the sorcolemma. 
The Sarailcnmut 

forms both the dura and pia mater of the muscular fibi 
in that by its density it contains the diffluent 
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protopIoHin anil nratraios it from imdiu: difflemi nation, hj 
H surface it gives apace for the rich network of vt^sacls 
to convey the blood needcil id such abundance for oiu^L-le 
work ; then bj its elasticity it greatly econombes muscular 
force. The transparent, homogeneous, close!y adherent, 

' sarcolemnia or primitive sheath is readily exhibited by 
forcibly breaking the fibre in two, contiuuity being still 
maintained by the firm, though delicate sheath. On long 
maceration in water the snrcolcmma is raised in blisters 

• (blebs) upon the surface of the fibre. 

The Mutcle Fibrt. 
The muacle fibre itself ia one of the most complex struc- 
tures in the aninial economy. By long maceration in water 
or alcohol, or more especially in solutiona of the bichromate 
of potash, it splits up into 3-SOO finer fibrtllaj running 
parallel with each other throughout the length of the fibre. 
By mareration in very dilute hydrochloric ncid or iu gastric 
juii» it sepaTHles into tranaverae disks with complete ob- 
literation of the longitudinal markings of the fibrillte. It is 
a question still unsettled as t« nhich of all these structures, 
the fiber, the fibrilla or the disk is the ultimate anatoniicul 

I element. If the muscle tissue be separated in both direc- 
tions, transversely and longitudinally, it is divided into 

, minutfl lectongular priams or caskets, and in sections of 
;en muscle the outlines of these prjanis are made apparent 

I with their intervening cementing substance. Druecke has 
quite recently discovered that the sarcoux elements them- 
selves ore not elementary and simply solid bodies, but 

I groups of smaller doubly refmetilo bodies which he cnlla 
"disdiftclasts" after the phrase employed by Bartholin, the 

\ discoverer of double refraction in calc spar. Inimoraion in 
waterobliteratesaU traces of the sarcoua elements and disai- 

L patea the appearanco of etriation in the muscular fibre. 
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In the present unsettled state of opinions upon the enb^a 
ject, wc »liull continue to regard the muscular £bre, with il 
enveloping, nucleated, Earcolemma, receiving the last distiiifl 
bution of the vcBselsanJ nerves, &sthBultimst«, anatomica 
element ot striped muscular tissue. The fibre is the c 
and the snrcolemma is its wall. Krause lias repeatedly 
teased out muscle fibre under various reagents and found iti 
never more than 4 ctm. (1.6 inch) in length. 

Mmcle Protoplaem. 

The proper protoplasm of muscle, in its living state, 
soft, even semi-fluid. For some time after removal from the 
body the fresh surface of a mass of musole in the butcber'i^l 
stalls trembles or palpitates under a current of 
diffluence of muscle is seen to advantage in the wave-likn' 
flow of ita protoplasm towards the negative poh 
application of electricity. So long as it is not cxcit«d, it 
follows gravity in all directions. Kiihne has seen a filaria 
Bwimming about among, and winding in between, individual 
aarcous elements withont injuring or displacing them, the 
muscle protoplasm closing in behind it, without leaving any 
line or trace of ita track. 

TIiB musclcfibrcscollccted into primary bundles, fasciculi^ 
and these again into larger, secondary and tertiary bundle*. 
finally constitute, ea maate, as we have seen, the individuals 
muflcle. 

General Properties of Sfutclt. 

The muscles vary greatly in their shape, in their bul 
and in their weight. The vastus cxtemus and the glnl 
are masses of muscular substance weighing pounds ; the 
small muscles of the middle ear weigh but a few grains. 
There is full as great variety in their shape. Muscles are 
long at the extremities, broad and flat in the trunlc, Bh( 
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Hence are the names goBtrocncmiufl, digostricua, bicep«, 
triceps, etc., bellied, double bellied, two and three huiided 
muscles, etc. 

Muscles are also named according to their uses, as 
diaphragm, buccinator, extensors, flexors, adductors, ab> 
ductors, levators, depTcssora, t«usor8, dilators, etc. ; or, ac- 
cording to their positions, aa inlerspinales, interossei, sub- 
clavius, pupliteus, temporalis, occlpilo-fron talis, etc.; or, 
according to their shape, oa trapezius, apienius, litmbricale% 
. scalenus, deltoid, gracilis, etc. ; according to tiicir dimen* 
Bions, as pectoralis major and minor, gluteus uiaiimus, 
mediua and minimus; according to their composition, as 
semi-membranosus, scmi-tendinosus, complexus, etc. ; ac- 
cording to their attachments, aa sterno-cleido-mastoideus, 
genio-hyo-glossus, etc.. T!ie gemelli form a pair of twins, 
the sartoriua crosses the legs for the sartorial (tailor's) 
posture, and the risorius produces a smile. "He who re- 
jects with scorn," siiid Mr. Darwin, "tlie belief that the 
shape of his own canines and their occasional great develop- 
ment in other men, are due to our early progenitors having 
I been provided with these formidable weapons will probably 
' reveal by sneering the line of his descent. For, though he 
BO longer intends, nor has the power, to use these teeth as 
weajmns, he will unconsciously retract his 'snarling muscles,' 
so named by Sir Chas. Bell, so as to expose them ready for 
actioD, like a dog prepared to fight" 
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Form and Shape of lIuKles. 

Muscles are said to be eimpte, when all the fibi 
ilar iu direction in b single body, as in the eartoriott; tlief 
are compound, with one lx)dy and BeTerol head* 
flexorsot the fingers and tocH; radiated, when Bpread out like* 
fan or a wheel, aa the temporal and the diaphragm; pennatedf. 
when arranged like the fcatfaera upon a quill, 
palmariii longus ; hollow, as in the heart, the uterus and ths 
bladd(^r (Dungliaon). 

Most curiously arranged, finally, are those double bellied 
muscles, which are caught at the middle by an attachment^ 
Bometimes as by a puUey, and thrown off to exercise theif 
lorce in a different line from that assumed at their origin^ 
as the digastricus, and tho superior oblique muscles of t&fr 
eyes. 

These are mostly anatomical pointn, it is true, but xn 
mcDtioned here for the sake of eshilHting the individuality 
of muscles. 

Smooth Sftade. 

The construction and dispoution of the smooth inToIon- 
tary muscle fibre is much more smple- It presents itself 
in the fomi of olangatcd, spindle-Bhaped cells, whoee ends 
appear drawn out to lines of estreme tenuity, and 
whose central nucleus, rendered more apparent under 
the action of a strong acid, is a long cylindrical rod 
with blunt or rounded ends. Sometimes the cell is 
so much reduced apparently, by elongation, as to re- 
semble the threads of filiform connective tiraue. This ia 
the case in tho intestine, ureters and bladder. On the 
other hand, in the trunk of the aorta, tho smooth miscle 
cell is 80 short, thick, and irregular, as to be with difficulty 
distinguished from epithelial cells. It is only by following 
out the vessel into its branches, where the cells begin to 
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longate, and obscrring the transitiitn fnrraa, that tbe dis- 
Itinction can be ma'do. These ahiiTtcr, thicker, cells would 
to tx; a persistence of the embryaiiiu elage, for ut tlio 
perioil of origiDul developraent all the involuntary muscle 
celld present this appearunce. I may state here, puruntheti' 
cally, that, according to Lockhnrdt Clarke, muHcuIar fibre 
first distinguished in man, about the fourth or fifth 
week of utero-gesCation. , 

JJinjioitition of Smooth Muscle. 

SmootU cells, arranged side by side, dovetailing, at their 
finds, with other cells, form the layers, thin and single, or 
thick and midtiple, by Kupcriniposition, which constitute an 
MBcntial feature in the walla of the various vessels, tubes, 
bladders, etc., connected with the vegetative apparatus of 
the body. Thus, they form the chief coat of the middle 
sized arteries, two estcnaivo layers (the submucous and buI>- 
peritoneal) of the inlestino, an important constituent in 
the walls of the bronchial tubes, extending down to and be- 
tween tbe pulmonary alveohe, the middle coat of the gaR 
and urinary bladders, renal pelvis, ureters, and urethra. 
Thej occur in the skin, iu the form of Bmall rods or 
bundles (arrectorea pili) attached to the hair bulbs, and con- 
nected with tbe oil and sweat glands, or in the form of a 
more continuous layer, as in the tunica dartos of the scrotiun. 
In the male organs of generation, araooth fibre is met with, 
in the ducts in, and leading out from the testicle, in the 
large so-called glands (Cowpers and the prostate) at the root 
of the penis, and forms an important ingredient in the con- 
struction of the penis itself. In the female organs of gener- 
ation, it is found in the ovaries, the round and broad liga- 
ments, forms a coat in the walls of the Fallopian tubes, and 
constitutes the bulk of the uterus, which is the largest mam 
of it in the body. Thin layers and fine bundlee of smooth. 




184 TUE CHEMISTRY OF MCSCLE. 

muscular fibre are also fouad in the mucous membranes (as 
in the digestive tract), in the interior of solid organs (as in 
the calyces of the kidney and in tiie spleen). Finall.r, of 
this tissue are formed the involuntary muscles of the eje, 
the contractors and dilatore of tlio pupil, and tbe (ciliary) 
muscle of accommodation. In short, all visible contractility, 
independent of the striped fibres, is due to the presence in 
the organ or structure of tbis smooth, white and involuntaiy 
muscular tissue. 

TItv Chemktry of Mmck. 

However much the two kinds of muscular tissue may 
differ in appearance or in action, their chemical composition 
U precisely the same. Three-fourths of the substance of 
muscle is water. Of the lemaining fourth, one-half is the 
coagulable albumenoid principle peculiar to muscle, known 
as myosin. Myosin maybe separated from living muscle 
by freezing it, mincing it, and rubbing it up in a mortar 
with four times its weight of snow, containing one per cent, 
of common salt (Kuhne). The resulting mixture, the 
muscle plasma, as it is called, soon gelatinises I 
mass, which afterwards separates into a clot and s 
ing fluid. The clot is myosin; the fluid, muscle serum. 
As tbe producta of metamorphosis, there are found in 
muscle numerous extractive matters, as creatine, xanthin, 
hypoxanthin, sarcosin, inoaite, and traces of uric acid, 
though "urea is conspicuous by its absence." Nearly 80 
per cent, of the ash of muscle is composed of the salts of 
potash and phosphorus. 

The Reaction of Miade. 

The reaction of fresh muscle, at rest, is neutral or faintly 
alkaline, but during and after contraction it is acid. The 
peculiar form of lactic acid found in muscle is directly gen- 
erated by the oxidation of the carbo-hydrates of the blood. 
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and when small in quautity, as during rest of the mnwle, 
b Deutmliaed by the alkalinity uf the bluml ; but when its 
quautity in much in(?renaod, tis during th« rapid oxidutioa 
attending contraction, it cannot bo sufficiently neutralized 
at once, and accumulates to renJi^r the muscle acid for a 
time. So the free access of OKVgen hooq Tenders acid n 
freably dissected muscle, separated from the body. The 
accumulation of acid iu the muscle marks tbe stage of 
wearioeas or fatigue. Banke found tbo^ a frog's muscle 
which had become powerless from fatigue ivas Bi>eedily re- 
stored to activity after the injection (from the heart) of 
very we^k solutions of carbouateuf soda, which carried off 
the acid by presMitiag it a base. Fresh and active muscle 
is speedily rendered powerless by the injection into its 
vessels of even highly diluted lactic acid. 

iSpfciJw Propcriift of Muscle. 

Tbe muscular is said to bo one of the master tissues of the 
body, and whether we rt^rd the nature or the mere num- 
ber of the properties with whicU it is endowed, there 
appears to be justiticatiou for assigning it to this dominant 
place. For muscle has the passive property of elasticity; 
that kind of constant, etloTtlesa, insensible, contraction known 
as tonicity; apeculiarHensihJlity ; and, bigUerthanall these, 
a characteristic contractility, which makes itself manifest in, 
and is, in part, tbe immediate cause of nearly all the phe- 
^numena of animal lifcl In addition to all these propertiea, 
muscle generates heat and electricity, and in its action pro- 
duces sound, which is, however, aucjfect rather than property. 
The Elasticity of Muscle. 

Elasticity is a property possessed by muscular tissue in 
high degree. The seiui-iluid muscle {irotoplaam, is itself 
Bomowliat elastic or resilient, and the sarcolemma, the in- 
vesting abeet of connective tissue, is highly elastic It ia 



ISG TTTE EI.ASTTCITT OF MTTECIB. 

tbe extensibility aiiU elasticity of muscles at rest nhtcli 
mit the bones to be moved in different directions by ant 
niatic muBcles, uud it is to tbe property of elasticity alone, 
or in great part, that is due the reetorution of, bo to speak, 
displaced members to their former plaee. The purely 
pas^ve property of elasticity thus greatly cconoHiises a 
muscular force. It is always ready, requires no inn 
tion, snd manifests its action at once. It permits the nails 
of hollow organs, like the stomach, the b!a<ldcr, and tbe 
uteniH, to be more or leas distended, reacting all the time 
upon their contents, to assist the active property of muscla 
in securing their cstrusion. The auricles of the heart, for 
instance, are passively distended or dilated with the case of 
a soap bubble, by the influx of blood, and arc emptied 
almost entirely without the intervention of active muscular 
force. The degree of elasticity is different, of coufe 
different muscles, lieing dependent upon the size o£ the 
muscle and the quantity of accessory structure (connective 
and clastic tissue) it may contain. But the elasticity oE 
muscle far surpasses that of most other elastic bodiet 
bundle of silk threads or of metal wires will not suffer the 
same extension without rupture. Muede resembles more 
closely a bundle of threads of caoutchouc or India rubber. 
The specific elasticity of a substance is determined by tbe 
weight or force required to extend it within the limits of 
perfect restoration. If wecompare, thus, different su beta ncea 
with muscle, it is found that the weight required to extend 
tbe one-thousandth of its length, a rod or thread of one 
square millimeter diameter would be as follows: 



Steel, 
Copper, 
Pine wood. 
Frog's Muscle, 



i. Grains. 

17278000 {1151866) 

10519000 (701266) 

1113000 (74200) 

273 (18) 
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TheBC figures represent the co-efflcient of elasticity of tlie 
(UD'erent aubstjinees. 

Of courae, there are limits to ttie elasticity of muscle. 
Thua Marey found tbat the detached gastrocnemiiia muscle 
of the frug could be extended with a weight of 300 grains 
to the degree of the oiie-fiftieth of hd inch with perfect re- 
covery after removal of the weight, while a weight of 750 
grains completely disabled its elasticity. Moreover, rapidly 
repeated auhjection to experimentation dimiiiisbea and 
finally exhausts the elasticity of muscle, inducing the re- 
laxed aud flabby state, characteristic of fatigue. 
Tonicity of Muscle. 

Tonicity has been described lis insensible controction of 
muscle, inherent in the muBclc protoplasm itself, and inde- 
pendent of the nervous system. It was said to manifest 
itself in the retraction of muscle cut across (gaping oE 
wounds), and in the distortion of the paralysed side of the 
face in facial hemiplegia from traction by the sound side. 
Eut recent experiments have clearly demonstrated that 
both these phenomena are duo to elasticity. The muBclea 
are always somewhat stretched beyond their normal length, 
BO that retraction of divided surfaces is n natural result of 
eectioD. Both time and force are thua economised by this 
elongation and elasticity of muscular fibre. Muscles ' 
stretched by the contraction of opposing muscles fairly 
spring back to their former position without efTort or loss of 
time. When a muscle is separated from its attachments it 
shrinks upon itself, and the muscular tubes((ibres)are seen, 
under the microscope, not to lie in straight, but in wavy or 
zig-z^ lines. It is the advantage token by the persisting 
elasticity upon the sound side, of the impaired elasticity on 
the affected side, that produces the distortion of the face in 
fjtiiifll palsy. 
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NeveTthcless, there U an insensible and involuntary cod- 
traction (tonicity) of all the musclL-B, both voluntary and 
involuntary, which manifcsls itself in the muscles of the 
skeleton as well as io the smooth fibre, whcire iC secures a 
certain toQicity of the vessel walls, of the apliinct«rs, etc 

Touicitij, a JieJUu: Plienmitaton. 

But this tonicity ia by no means no independeJit property 
in the muaeular tissue. It m derived entirely from the 
nervous system, and is a purely refles phcnumenou. Up to 
even a short time ago, thia influence of the nervous syBteoi 
upon the muBeles, was regarded lu un automatic, an origiml 
or sjHintikneous action, developed iu the spinal curd. IL is 
now liuown, liowever, that this action is escited by outside 
(peripheraJ) influences, and ii conducted through sensitive 
nervi'H (from the ekiu, etc.) to the curd, whence it is trauH- 
ferred through motor nerves to the muscles. For it has 
been shown by Bcundgeest that section of the sciatic plexus 
of uervesou one aide in the frog, after division of the spinal 
cord below the medulla oblongata, destroys the tonicity of 
the muscles upon the operated side, while it is left intact 
upon the sound side. When a frog thiut operated upon U J 
suspended, all the joints upon the operated side hang looepfl 
and flabby, while those on the sound side still retain theijrl 
natural degree of flexion. Liiigeuis cut the sciatic nerve ii 
the frog upon one side ouly, and then divided the gastro 
nemius muscle upon both sides, when it was observed ll 
the retraction (gaping) was much lesa marked upon t 
operated side. 

That thia influence from the nervous system is entirely] 
reflex is proven by the fact that section of the posterior (ae 
aitive) roots of the nerves has tbeaameefti^taasection oft! 
entire nerves. Moreover, after seclion of the posterior 
nerve root^ a stronger irritant muat be applied to t 
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Ulterior rootu to jiroJuce the same convulsive movement 
in the muscles, prnuf tlukt udditiouul artificial, in required to 
substitute tiie lacking uaturul, stimulus, 

Totiicifij of Involuntary Miurle. 

A continuous, tliougii feelile, discharge of nerve force is 
also received by the involuntary musclcH securing to them 
a constant tonicity. After section d( the nerves distributed 
to their wulle, the vessels dilate, and that this influence also ' 
comes from the cord is proven by tlie observation that 
spinal hemiplegias are attended witli paralysis of the arteries 
only upon one aide. Here again, however, we have to deal 
with reflex and not automatic procestieg, for Goltz has dem- 
onstrated that vessel tonicity may bo aHected (increawd) 
by irritation of distant wnaitivo nerves or surfaces, aa from 
tho intestines, or paralysed by their destruction. So 
Htryehnia will ooutinue to cause contraction of arteries 
below the line of section of the spinal cord. 

Tlie sphincters are held in a state of continuous contrac- 
tion in the same way, Giannuzi and Nawrocki found that 
more force had to be used to overcome spbincteric contrac- 
tion (by the injection, of water) when the nerves were intact 
than after their division. Heidcnhani and Colbei^ had 
already demonstrated this fact with regard to the bladder 
They introduced water of the temperature of the body into 
the interior of the bladder of a rabbit, and observed, by 
means of a manometer, that it rcijuired a pressure of 27 
centimetres to overcome the tonicity of the sphincter and 
permit escape of the water. They now killed the animal to 
Biinul all innervation, and found that tho water escaped at 
a pressure of 5 centimetres. In tho dog a higher pressure 
was required in both cases, but the result was the same. 
It is probable that the remote cscitiiig agencies producing 
the tonicity of tlic sphincters, the bladder, tho dilator 
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pupillK, etc., are the nutritive changea in constant o| 
tion about the peripheral distribution of the nerv 
aa in the nerve centres themselves. 

The toiuiR of muscle, therefore, is no proof of the epoD- 
taneouB generation or automatiHm ot force. Closer ioveati- 
gation always dissipates Buch conceptions and it is probable 
that tliis t«rm will in a few yeara be entirely discarded from. 
physiology, wilt be shelved away along with other 
forces," with the autochthonous (spontaneous) or idiopati 
genesis of disease, and other mysteries of medicine. 
The SentibilUy of Miacle. 

Sensibility is that peculmr property which enables us 
estimate the amount of eflbrt ueccssary to esecute differel 
movenienttt, to overcome resistance or to appreciate diffei 
weights. It is some times described as a sixth special sens^j 
oftener as a geueral sense, and occasionally as a kind 
transition sense between the two. Those who deny its 
independent existence regard it as a peculiar moditication 
of the sense of touch. In fact three theories have been 
propounded to account for the muscular sense : 1, that 
there are no special aenaitive nerve fibres distributed to^ 
muscles. We are cognisant only in a general way of 
amount of nerve force sent to a muscle though its motor 
nerves. We recognise the intention of muscular movcmeirt 
but not its execution (Wundt) ;' 2, We are informed of the 
contraction of muscle only by the eensatiooa produced in 
the skin or mucous membrane covering them, that is, through 
the tactile sense (Auber) ; 3, Centripetal (sensitive) nei 
fibres pass from the muscles to the nerve centres (Ai 
Brown-S^quard, etc.). 

fieasibiUly and Sensatitm &f Touch. 

That the muscular, is entirely independent of the tacti] 
sense, was demonstrated some time ago by Claude Bornai 
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who found that removal of the skin (decorticntion) did not at 
all affecl the Kiisibility of the subjacent mugclee. Complete 
InBensitirenesa of the Bkin viaa also produced by divieion of 
sll thecutaneoua nerves, but thomuBCularBengeatill remained 
Intact, on tliB animal tbua operated upon continned to be 
able to walk, etc. It, however, the posti'rior (Benaili ve) jicrve 
roots wera cut, theniuscularsoiiBo was very greatly impaired 
<ir entirely destroyed. Moreover, the muscular sense is 
mnch finer than the tactile sense; it will appreciate lighter 
shades of difierence. The feelings of weariness or fatigue 
which supervene after violent or long continued exercise, 
the positive pain experienced in the cramp of tetanus, the 
spasm of convulsion, or even the exaggerated physiological 
action of theuterua(tabor),orheart (palpitation), are patho- 
logical and physiological proofaof a muscular sense dependent 
upon the existence of sensitive nerves. In truth, C. Sacha 
found, after division of all the anterior (motor) nerve roots, 
some undefrenerated nerve fibres in the sartorius muscle of 
the frog which could, of coarue, belong only to the posterior 
(sensitive) roots. Terminations of sensitive nerve fibres, 
corpuscles of Pacini, had long before been discovered in 
quantity in the perimysium, and about the joints, at the 
pointa of insertion of the tendons, whose function in all 
probability is to receive and transmit the muscular sense. 
Lastly, tho tactile sense may be entirely paralysed, while 
the muscular sense remains intact, or vice versa. Thus 
in locomotor ataxia, the tactile sense may be little or not at 
all affected, while the muscular sense is so much impaired 
as to require the aid of visual sense in walking. "We lean 
upon our eye-sight in walking," said Mr. Mayo, "as upon 
rutches." An individual thus affected falls when be closes 
his eyes. Ducheane has put upon record the curious case 
, who had lust the muscular sense in one of her 
I arms, and who could only carry a child by coastantly watch- 




192 THE PE5SAT10X OF FATIGUE. 

ing that arm ; a^ soon oh she turned ber ejes awa^ fi 
the limb would fall lielpleas to her aide- But iu ili 
the cutaneous eense waa sot affected. Ou the other 1 
there are certain dii>ea^>»oC the epical cord LuwhiclitiieEe 
itf touch or pressure in the akin is entirely onnullod, i 
it peisists intact in the subjacent muBclea. Tfaua, the a 
is reported by Eigenbrodt of a patient who oould dietinguid 
by the effort of lifting, the difference betwM>n thirty a 
thirty-two pounds, but could not feel a five pound weig 
resting upon hia pasmve band. 

Of the ordinary aenee of touch, tnuacle poeaeaaea little or 
none. The pain es|>erienced in amputationa, bdotiga to the 
section of the skin, and is scarcely perceived in the divisian 
of the muscleor bone. Muscle may be cut, pinched, burned, 
subjected to all kinds of irritation, without exciting Btuch, 
if any, pain. It is believed that evea the intense pains of 
cramps arc due airaply to tlie violent traction uxK>fi tfae 
pointa at origin and insertion of the muscle. The involuDrJ 
tatry muBclea are equally devoid of the ecnee of touch mA 
pain. Haller could never excite pain in hia esperimeaU'^ 
i^n the heart, and Harvey found that he could maitipulate 
it freely in a caao of ita exposure after caries of the Btersum 
without producing the leaat tensation. Bichat nwde the 
same observation upon the bladder, and every gynsBoologiA 
18 aware of the iuaenaibility of the uterus, whose a 
burned, scraped and even split, almost without ct 
on titi! part of the patient. 

The Scasatioii of Fatigue. 
But the muaclea are extremely scnaitivc to the pecufii 
pain of muscular fatigue, which continues to be felt lol 
siter itu cause has been relieved. Weber has ahown t 
tlio fatigue of muscle is due to chemical change ii 
muscle sabBtance, to the conenniption of oxygen (Pet 
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kofer and Voit) and to the accumulation of the products of 
oxidation (carbonic acid, lactic acid, acid phosphate of lime, 
etc — Ranke). We can thus understand how it was that 
Bichat could produce violent pain in muscle by injecting 
into the arteries of living animals irritating fluids, like ink, 
dilute acids, and wine. The fatigue of muscle must continue 
until the blood shall have had time to decompose or con- 
duct away the irritating matter. Hence, the efficacy of 
hot baths and massage (friction), which by accelerating the 
capillary circulation, more quickly dissipates the products 
of muscular action (products of combustion). 

The rapid accumulation of these products of decomposi- 
tion in fever, which is, in essence, a too rapid oxidation, 
accounts for the deep seated muscular pains (as in "break 
bone fever," lumbago of the exanthemata (small pox), etc.) 
attending this condition. 

The Exercise of the Muscular Sense, 

The muscular sense is thus quite distinct from every 
other sense. It acquaints us unconsciously with the position 
and relations to each other of the various parts of the body 
and informs us of the position and properties of external 
bodies. It enables us to appreciate difierences beyond the 
range of other senses. Thus it is finer than the sense of touch. 
It will correctly discriminate between weights which stand 
to each other in the relation of thirty-nine and forty, 
provided the weights are not too lighter too heavy (Weber). 
Increase is easier detected than decrease (Panum and Dohrn). 
It estimates with the finest nicety the degree of contraction 
to be excited in a muscle, or group of muscles, for the 
execution of a given purpose, and makes us cognisant of the 
exact degree of contraction and relaxation existing during 
the execution of the movement. The muscular sense thus 
establishes the harmonious and coordinate action of the 
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different muscles in all the volimLirr and involuntary! 
acta of the hodj, in assuming and maintaining 
(UfTerent positions, aa in standing, walking, balancing, 
dancing, riding, Hwimming, etc; in executing the finer 
movements of tlie handicrafts, playing upon musical in- 
Btruments, etc. ; in arranging the features and changing the 
espression of the face and members in the infinite variety 
of gesticulation; in the quick movements of the eye, and,.^ 
finest and niceat of all, in the delicate modulations of voice 4 
and speech. 

Bo it was no wonder that Sir Chaa. Bel!, the eloquent J 
English anatomist, could not restrain himself after observ' ■ 
ing the fineness and nicety of the action of the muscular 1 
sense, from expressing his admiration in a fitting tribute of j 
praise. "When," he exclaims, "a blind man or a 
blindfolded, stands upright, neither leaning upon or touch-' 
ingaught, by what meansdoeahe maintain hiserect position? I 
The symmetry of his body is not the cause. A statue J 
of the finest proportion must be soldered to its pedestal, ( 
the wind will cast it down. How is it, then, that a maitiJ 
sustains the perpendicular posture or inclines in the due 1 
degree towards the wind that blorts upon himT It is J 
obvious that he has a. sense by which ho knows the inclina- 
tion of his body; and that he has a ready aptitude to adjust , 
the parts of it so as to correct any deviation from the per- 
pendicular. What sense is this? He touches nothing, sees 
nothing; it can only be by the adjustment of the musclea 
that the limbs are stiffened, the body firmly balanced and 
kept erect. In truth, we stand by so fineaji exercise of this 
poner, and the muscles, from habit, are directed with so 
much precision and with on efibrt so slight, that we do not , 
know how we stand." 

Such is what is meant by the muscular sense. The! 
Germans, very appropriately call it the "Gemem^_fli/U,"\ 
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the general or common feeling of the body. The vigor of 
this sense is a criterion of health ; it was the euphora of the 
ancients, the easy carriage and light weight of the body. 
The muscular sense is the physical conscience. The indi- 
vidual who has this conscience or consciousness sound, 
enjoys a luxury in mere existence. 
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We have to-day to conclude the study of muscle with the 

consideration of its remaining properties, the chief of 

which is 

Contractility. 

We observe then, first, that the mode of contraction is very 
different in the two kinds of muscular tissue. Striated 
muscle responds to an irritant almost suddenly, always 
forcibly, and as quickly returns to its former state. Smooth 
muscle responds slowly, always comparatively feebly, and 
as slowly returns to its former state. The slow, undulatory, 



106 1 

BO-called peristaltic, action of tlie smootli musclo of tlie 
intealinal wftlls, manifest upon laying open the abdominal 
c:irily of an animal, beat exhibits the mode of contmction 
iif smooth muscle fibre. The intestines, nt first motionleei, 
soon cxliibit feeble contraction, wliidi gradually increases 
to vermicular motion, until tho whole caaa] "writhea like a 
mam of earth worms," to gradunlly become again quiea- 
cont. The uterus in labor typically exemplifies the action 
of involuntary muscle. If the hand be placed upon tha 
abdomen at the commencement of a pain, the utcTua ia felt to 
"gather up" its fibres, to become gradually indurated, and 
then slowly to relax to the condition in the intervals 
between pains. The character of the pain itself, a gradual 
increment to an acme, and then a gradual decrement to 
more or less complete relief, exhibits the absence of any 
sudden force. 

But there ia a dilTerence in the quickness or riuggirfinesB 
of response in dilFerent involuntary muscles. Thus the 
muscles within the eyeball, i. e., the muwlea of the iris 
and the tensors of the choroid (muscles of accommodation), 
respond Tery nearly as promptly aa voluntary muscles; 
next in order of promptness rank the muscular walls of tha 
intestines and ureters, and slowest of all, is that of tha 
bloodvessels, especially of the arteries, which, however, 
compensate for it in some degree by the loug peraistence of 
contraction. 

Legroa and Onimus concluded from their observationa, 
that smooth muscle was influenced more by direct excitation 
of its substance than by excitation of the nerves, and that 
the disuse, which would reduce striped muscle to an inactive 
mass of fat, had little or no effect upon the anatomical 
or physiological integrity of smooth muscle. 

Tlie voluntary muscle fibres reach the bones only by the 
intervention of membranes and tendons. Each fibre ia 
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reduced at its end to a point, with flat, facetted, sides, like a 
diamond or a sharpened lead-pencil, and is thus embraced by 
the connective tissue structure of the tendon. The tendon 
is the conductor of force. It plays the part of the line 
which connects the horse to the canal-boat. 

Effect of Muscular Contraction, 

Shortening is only another name for contraction. In 
contracting, muscle shortens, and, in the case of long muscles, 
approximates the connected bones. Muscles in the form of 
tubes (canals, vessels, etc.) diminish, in shortening, the caliber 
of the tube or obliterate it altogether. It is the spasmodic 
contraction of the cerebral vessels, which induces the pro- 
found ansemia of the brain and pallor of the face as tho 
immediate cause of epilepsy. And it is this exercise of 
contractility in lesser degree which regulates the blood 
supply to individual organs independently of the action 
of the heart. The bloodvessels become, thus, local hearts, at 
the portals, and in the substance, of each organ and structure 
to increase or diminish the supply of blood according to the 
demand. Something of this local increase and decrease is 
observable in the face under the action of the emotions. 
The face is suffused with blood under the excitement of 
modesty or shame and is blanched under anxiety or fear. 
Thus, Donne says: — 

*The eloquent blood 
Spoke in her cheeks, and so distinctly wrought, 
You might have almost said her body thought.** 

And Petrarch descants upon 

**Quel vago impallidir.** 
(That charming pallor.) 

A vaulted muscle has its arch reduced by contraction, 
brought nearer to a plane surface, and thus, in the case of 
the diaphragm, is the vertical capacity of the chest increased 
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and inspiration effected. Ring muscles, lite tlie sphincters' 
and orbiculara, in contracting, "purse up" their respeetiT 
orificea, and hoHow musclea obliterate their cavities to 
entirely empty themselves of contents. 

Degree of Conlraciion. 

Dut it is only in cxtrenie cases of cramp, as in tetanus, o 
in eitraordinary effort, that a muscle attains its utmost 
degree of contraction. The bones very greatly limit the 
contraction of the long muscles. Thus the biceps will 
contract, when, detached, nearly fivc-slsths of ita length, 
but, attached, its shortening is limited to hut one to 
sixths. In tetanus it may reacii three-fifths. Strange to 
say, it is no matter how much muscles vary in size or bulk, 
the per cent, shortening remains about the same. Some 
muscles {the glutei) weigh pounds, or measure feet i 
length (tiic sartorii), and others, the muscles of the middle 
ear, but a few grains, and measure hut a few lines, hut tho 
proportionate shortening remains about the same. 
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The loss which a contracted muscle has experienced in 
leugth is in very nearly exact correspondence to its gain ii 
breadth. We may feel the muscles (biceps) in oction swell. 
It was formerly believed that muscle absolutely gained ii 
bulk, but the iugcuious exx>eriinents of the older phydolo- 
giMts entirely disproved this belief. Tlius Sir Gilbert Blane 
inserted a glass tube into the perforated cork of a glass jor 
and filled the jar with water up to a certain level in the tube. 
He now introduced n living eel into the jar and irritated it 
-by means of a stick, also inserted through the cork, lo 
active contractions. Though the slightest increase in 
bulk of the animal would fiave been registered in the tube 
by an elevation in the column of water, no such cbftnge iO' 
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its level could be observed. Barzellotti made the same 
experiment with a frog, inducing contractions in the half 
of its body, which had been introduced into the jar, by means 
of galvanism, with the same result. The truth is, muscle 
rather diminishes than increases in bulk during contraction. 
Erman was able to make this observation by repeating 
the experiment of Blaine and taking the precaution to 
graduate the glass tube to great nicety. Valentin appended 
a weight to a marmot's muscle, suspended in a jar filled 
with dilute albumen, so that its specific gravity could bo 
accurately weighed upon delicate scales, and observed that 
the muscle in contracting, displaced less water than before. 
He thus found that while the specific gravity of the muscle 
increased from 1061 to 1062, its loss in volume amounted to 
Ysru ^^ ^^ whole mass, a diminution so slight as to be 
generally unconsidered. Practically, a muscle gains in 
thickness what it loses in length. If a lever be laid upon a 
muscle placed horizontally, "the thickening of the muscle 
will raise up the lever, and cause it to describe on a record- 
ing surface a curve exactly like that described by a lever 
attached to the end of the muscle" (Foster). 

Agents which Induce Contrction, 

The agents which may induce contraction in muscle are 
very various. Any mechanical force (a blow, a prick), any 
chemical irritant (cholic acid), sudden change of tempera- 
ture, the various forms of electricity, may evoke fibrillar 
twitchings or mass motion. But in the body, muscle 
contracts only in obedience to nervous influence. In other 
words, muscle tissue is something like the machinery of an 
engine. It has the capacity for work, but can not work of 
itself; it must first be stimulated by extraneous forces, 
that is, muscle is machinery for the transformation of some 
other force into muscular force. 



Direct and IniUrtct Kcdlalion. 

The outside force may act upun the miiacle directly, or 
it may act ujmii the muscle througli the intervention of tl 
nerves. As a rule, the agents tthich superinduce direct^ 
muscular contraction will also clfcct it indirectly. £ulin^. 
who has made no exhaustive study of this subject, states thafe: 
there are some sul^tances nhich easily cause contraction of 
muscles when applied to them, even if greatly dilutedf 
whereas, to produce the same effect tlirough the nerves, they 
require to be concentrated. Among these, are the minersj' 
ncids, especially muriatic and nitric acids; the basic salt^ 
as chloride of sodium, chloride of jratossium, chloride of 
limo ; as well as some organic substances, as acetic acid, 
lactic acid and glycerine. A second class of aubstancea 
induce contraction equally whether applied to the nerve 
to tho muscle. Among these are caustic potash or soda. 
third class of chemical substances act powerfully on t! 
muscle, but not at all upon the nerve ; such as chromic acid, 
sulphate of copjier, chloride of iron, basic and neutral acetate 
of lead, time and, above all, ammonia. A fourth class of 
tmbstances act exactly in an opposite manner, that is, upon' 
the nerve, but not on the muscle, or very slightly so ; 
as creosote, alcohol, concentrated glycerine and undiluted 
lactic acid. Finally, a fifth cla.s3 exists, which have n 
power of producing contraction when applied to either 
muscle or nerve ; such as the fatty oils and turpentia^ 
(Bennet). " 

TkcTTttal Excitation. 

Different muscles also react differently to thesame irritant,- 
This is notably the case in regard to the effects of heat. 
A moderate degree of heat, 35° C. (95° F.), increases, while 
cold diminishes the contractility of muscle. Everyone 
familiar with the Eluggishueaa of muscular action undec 
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extreme cold. "But au extreme heat absolutely destroys 
muscular power and destroys muscle by coagulating its 
myosin. Though myosin coagulates at a much lower 
temperature than any other albumenoid substance, the 
degree of temperature at which such molecular change 
occurs varies in different species of animals. Thus myosin 
coagulates in the frog at a temperature of 34° C. (93° F.), 
in mammals at 45° C. (113° F.), and in birds at 48° C. (118i° 
F.). Subjected to a temperature of the freezing point of 
water, muscle soon loses its irritability, but not beyond the 
power of perfect restoration. But if muscle be kept at a 
temperature much below this degree, its irritability is soon 
permanently destroyed. 

8udden changes of temperature, short of these extremes, 
affect different muscles differently. Weber and Calliburces 
long ago noticed the fact, which is now the subject of daily 
observation in physiological demonstration, that the heart's 
action when flagging with exhaustion is very decidedly 
stimulated by the application of heat, and Milne Edwards 
has remarked upon the increased contractility of most of 
the smooth fibres, the dartos, the uterus, and the intestines 
under the application of heat. The muscles which are thus 
excited to contraction are said to be thermosystaltic, while 
the muscles of animal life are athermosystaltic. In tiie 
foGtus, which has the circulation of a cold-blooded animal, 
all the muscles are thermosystaltic. Hence the eflicacy of 
the application of heat in cases of still birth. 

Electric Excitation, 

But of all irritants or stimulants of muscular contractility, 
none so nearly resembles the natural stimulus of nerve force 
as electricity. 

The first recognition of the action upon muscles of the 
electric spark was made about the middle of the seventeenth 
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century, but it was not until a century Inter, September 20, 
1781, thiit Galvani, ProfeBsor of Anatomy and rhysiulogy 
at the University of Bologna, made the brilliant observationa 
that have immortalised his nume in that of the form of elec- 
tricity which he employed. 

The Siitory of Galvanum. 

The history of the diiiCOTery of galvaniam ia worthy of 
note, as showing how the simplest observations lead, in a re- 
flecting mind, to the most important results. The story 
runs that Madame Oalvani was preparing some recently de- 
capitated frogs for tbe dining table, when she observed that 
the ■ apparently dead animals became convulsed when 
brought into the neighborhood of an electric-al machine in ^ 
action. Prof. Oalvani next remarked that the convulsiona 
only ensued when a spark was emitted from the maclmie, • 
ami when, also, some metal substance came in contact with 
the exposed nerves of the frog. With a. view of discover- 
ing whether atmospheric electricity would exercise tbe 
same effect, he suspended the frogs from the iron trellis 
work surrounding the roof of his house by sieana of copper , 
hooka "and saw, when they were blown about by the wind, 
that convuUions were caused whenever they came in con- 
tact with the iron." Galvani, however, made the mistake 
of believing that the electricity thus engetulered was in- . 
hcrent iu the muscle and was the source of all vital action, 
an error which led to the famous altercation with Volta, c 
tending over a series of years, conducted on both sides wi 
much acumen and too much acrimony, and flnally , 
eventuating (but after Galvani's death), as usual in such 
cases, in proof that each was right and each was wrong, 
"Galrani was right in maintaining the existence of an 
animal electricity, but was wrong in believing it proven by I 
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the contact of t^o metals ; Volta was right in maintaining 
that galvanism could be produced independently of animal 
bodies, but was wrong in denying the existence of animal 
electricity." 

The immediate response of living muscle to the action of 
electricity renders it a galvanometer of exquisite sensitive- 
ness.- A frog prepared for experimentation by decortication 
and exposure of the lumbar nerves, is known as the rlico- 
metric or galvanoscopic frog. 

The Action of Induced ElectiicUy, 

When an interrupted current of electricity, of whatever 
89urce, static, magnetic, galvanic, is sent through a volun- 
tary muscle, contraction of the muscle immediately super- 
venes. At least, it is immediate to gross observation. If, 
however, the periods of time be measured by mathematical 
instruments of great nicety, or, if the movement of the 
muscle be represented in exaggerated form, as by the attach- 
ment to it of a long, delicate, lever (the myograph), which 
shall register the tracing of the muscle with great accuracy, 
it is seen that a short, but appreciable, interval of time 
lapses between the application of the stimulus and the 
movement of the lever. This interval is known as the 
"pose" of the muscle, and occupies about the yV of a second. 
Now the lever is rather abruptly raised, and if its point be 
traversed by a sliding plate, evenly run by clock-work, it 
traces an obliquely ascending arc, the elevation of which 
corresponds to the force of the contraction. When the 
point of the lever has reached its highest point, in a period 
of time occupying about ^V ^^ ^ second, the contraction has 
ceased, whereupon it falls in a descending curved line, 
occupying in its trace about ^V ^^ ^ second, to its original 
leveL The curve registered in this way is known as the 
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"muacle curve." Thus the muscle, in its entire contraction, 
occupiea the ^(f+^o+s'o=i'(i of a. tecoad. 

A iiecond shock of electricity, of course, repeats these 
phenomena in every particular, but if a second shock shall 
have been entered before entire relaxation has occurred, the 
muscle curve will not fall to its original level before it ia 
caught again, ao to speak, and forced to rise. Now, if re-' 
pcated shocks bo entered rapidly, but not too rapidly, thej 
curve will be held high oa the plate, and the rise and fall of 
each contraction and relaxation will be very slight. At ten 
shocks (vibmtions of the fork) per second, the distinct 
eOecta of each still remain visible ; at fifteen, the individual 
shocks begin to become fusctl, and at twenty vibrations to 
the second, the muscle is held permanently contracted. 
This constitutes what is known as tetanus. We use the 
ordinary Faradic battery as a good instrument for the 
exhibition of the spasmodic contractions of individual 
shocks, and the small French Voltaic battery to exhibit 
the tetanising effects of rapidly succeeding ^ocks. 

r/i? Action 0/ Nerve Force. 
The constant current of electricity produces contraction 
in the muscle only at the moment of making and breaking 
contact. During the steady, constant, flow of the electric , 
force, the muHcIc remains perfectly passive and unafTectcd. 
When muscle contracts physiologically, that is, under tho 
influence of nerve force, it ia held contracted, as in tetanus, 
until the stimulus from the nerve is voluntarily or invol- ' 
untarily withdrawn. The inference is, hence, plain, that I 
nerve force is sent Co muscle, not in a continuous, but in an I 
interrupted current. And as muscle does not contrace ' 
spasmodically under nervous force, this force must bo 
transmitted to muscle in u scries of vibrations, numbering ' 
at least twenty to the second. 
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The Sound of Muscle Contraction, 

What lends to this inference additional support, is the fact 
that muscle, in contracting, produces sound. Sound implies, 
of course, a series of vibrations. A body at perfect rest 
emits no sound. Muscle emits a sound which is distinctly 
audible. If a. stethoscope be placed over a contracting 
biceps, a humming sound is distinctly perceived, or if, in 
the stillness of the night, the ears be stopped with the 
fingers and the jaws firmly closed, the sounds of the power- 
ful flexors of the jaw may be clearly perceived. The note 
emitted by the sound of contracting muscle is always the 
same. It indicates twenty vibrations to the second. This 
is the '^music of motion,'' and 

**Such are the subtle strings in tension fonnd 
Like those of lutes, to just proportion wound 
Which of the air's vibration is the force." Blackmore. 

The Muscular Wave, 

From what has been already said, it is plain that muscle 
has no power to contract of itself. In other words, muscle 
possesses no automatism. It has the capacity for work, but 
exhibits this capacity only under stimulus. This stimulus 
is imparted physiologically, as we have seen, only by the 
nervous system, and is manifested first, as would have been 
assumed, at the points where the nerve reaches the muscle. 
As a nerve is about to be distributed to muscle, it subdivides 
into a leash or into branches, like a whip-lash with many 
tails, and these branches, containing at their termination in 
the muscle only the essential conducting element of nerve 
force, fuse with an accumulation of sarcolemmar nuclei, 
which ar^ collected to form a disc or plate at certain points 
on the surface of the muscle fibre. The muscle fibre begins 
to swell in thickness at this x>oint, and at other similar 



OF MUSCL'LAR FORCT!. 

points, so as to present the appearance of a beaded rod. | 
The beads or swellings, under continuing contraclioa, 
tinuetoiniireaseinsize, so that the intervals arc absorbed, BO J 
to apeak, in con tiguoiiscnlargementa, until the whole fibre and \ 
the whole muscle is gathered up into aglohar or rather a 
fusiform mass. By means of ingeniously contrived appar- ' 
atus, Aehy was able to estimate the velocity of the muBcular 
ivave at 40 inches (1 meter) per second, a rate, thus, much 
more rapid than ordinary protoplasmic (c. 3., ciliary) 
motion, but much lesa rapid than nerve force. Hence 
muscular force is not nerve force. Nerve force is the sepa- 
rate force which evokes muscular force. 

Independence of Mueeular Force. 
The independence of muscular force ia likewise proven by 
the fact that muscle removed from all connection with the I 
nervous system will still respond to other stimulus. Still ' 
living muscle will continue to contract, under stimulus, 
when entirely removed from the body, and will continue to 
respond to artificial excitation in the body after the nerve 
force has been annulled by section of the nerve fibre and 
death of it« peripheral end. Thus Longet, in 184], cut the 
facial nerve and found that it lost its irritability entirely ia 
four days. But the muscles supplied by this nerve ( 
tinned contractile for more than twelve weeks. 



Action of 



and Cur, 



But the most striking and irrefragable proof of the inde- 
pendence of muscular contractility was establiabed by 
Claude Bernard in the discovery of the action of an 
agent, the sulpliocyanide of potassium, which paralysed 
muscular irritability without affecting that of the nerve, 
and of the action of an agent, woorara, which paralysed 
s irritability without aflectiug that of the muscle. 
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The solution of sulphocjanide of potajisium (KCyS) is 
inudo by siinply bulling sulphur wiih a solution of pare 
cyaiiiJc of potaasium. It is used in commerce ns the basis 
(with mercury) for the manufacture of the dangerous little 
fire cones, known as Phitraoh's serpents. When a small 
quantity of the eulphocyanidc of potassium is introduced 
beneath the skin of the frog, the muscular system bec-omes 
entirely paralysed to every other stimulus than that trans- 
mitted through the nervea. Electricity applied directly to 
the muscle now produces no effect, but still exerts its power 
upon the muscle when applied directly to the nerves dis- 
tribul«d to the muscle. 

The real nature and composition of woorara (curare) con- 
tinue unknown. It is nn extract of one or several vege- 
tables, and probably contains also several animal products. 
The Indians dip the points of their arrows in it and thus 
kill their foes by the slightest wounds. They use it also for 
banting purposes, ex|)eTicnce having taught them its per- 
fect innocaousncss when introduced into the stomach, not- 
withstanding its deadly effects upon the blood. The flesh 
of animals killed by woorara is eaten with perfect impunity, 
while if the poison be extracted from the stomach of an 
animal to which it had been administered in its food, and 
injected into the blood of another animal, it will promptly 
exhibit its toxic effect; proof tliat'the immunity which the 
stomach enjoys, is not due to neutralisation of the poison 
by the gastric juice, but to refusal to absorb it. In this re- 
spect it resembles the poison of snakes, on which account its 
active principle has been supposed to be the venom of the 
crotalus (Fonmi<;). 

When a small quantity of curare is introduced beneath 
the skin of an animal, it paralyses all. the motor nerves, 
but has no effect whatever upon the sensitive nerves, or 
the muscles. Electricity or other excit&nt may uov 
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be applied to the nerves without the least effect upon Iha 
muHcle, but the muscle still coutiuuea to respond to direct 
cxcitiition of its substance. Curare acts by first destroying 
the irritability of the end plates of the nerves witbia 
the musciea. Some of the derivatives of strychnia, 
ethylstrychuiiL, me thytstrychnia,o'tc., produce the same effect. 
Thus is absolutely determined the question of the inde- 
pendence of muscular contractility and its inherence in 
mu^ular tissue itself. But the solution of this question in 
no way invalidates the fact that muscle never contravts 
spout aneouaiy, hut always, and only, in obedience to some 
force outside of the muscle substance. It is only within a 
very few years that the licart has been proven to be no ex- 
ception to this absolute law. Bernstein found that if die 
ventricle be compressed transversely in the middle with a 
pair of narroW'bladed forceps, tlie part beyond the line of 
compression remains absolutely inactive, though its nutri- 
tion is perfectly provided for by the peraistence of the 
normal movements in tlic rest of the heart, and Bowdil«h 
conciudes from his experiments that "when after transverse 
compression of the ventricle, the apex, at first brought to 
rest, r»;commences to heat, this renewal of activity depends 
upou the restoration of an imperfectly destroyed connection 
between the apex and the motor appaj-atus at the base of , 
the heart." 

The Generation of Heal. 

Muscle, in contracting, develops heat. Every one is 
familiar with the fact that the temperature of the body in- 
creases during exercine. In the absence of fire, we dejiend 
upon exercise to furnish means of sustaining the body heat 
under exposure to cold. But eiereise i 
activity of the circulation, of respiration, etc,; 
probable sources of the origin of heat. To determine 
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whether muscle developed heat, and if m, Us ex»ct nmount, 
Bec<]uerel and Brecbet made use of an instrument known as 
a Aermo-muUi plica tor, so constructed an to cause wide 
deviations of h needle under fractions of n degree of tempera- 
ture. A needle connected mith the appanttUH was now 
stuck into the biceps muscle of a man. When the biceps 
contracted, it registered a deviation corresponding to an 
increase of 1" C. Helmholtz experimented With, frog's 
muscle connected with the body only by its nerve ; removed, 
thus, from the circuJation ; and observed, by means of a very 
sensitive multiplicator, a deviation, during contraction, cor- 
responding to an elevation of 0,1° C- In a frog's muscle a 
single contraction may develop 0.00f)° C, which tetanus may 
increase to 0.15° C. Biclard, Thyry and Meyerstein, 
Heidenhain, and, more recently, Fick, have all, by numerous 
experiments, demonstrated the increase of temperature in 
the contraction of muscle. Ficlf observed that ivhen a 
muscle was allowed to extend it«elf with the weight, which 
it had just lifted, still attached to it, it gave out more heat 
than when it was allowed to extend itself without the 
weight, that is, with the weight removed at the maximum 
of contraction. For, in the sinkiug of the weight, while 
muscle regains ita former length, the mechanical work is 
changed into an equivalent quantity of heat. This fact. 
Cyan remarks, can only be construed as an irresistible sub- 
stantiation of the Liw of the conservation of force in 
muscular work. So, too, it has been observed that if a 
muscle be held down during contraction, or during the 
effort of contraction, more heat is developed ; the chemical 
force in the muscle not being able to expend itself in 
mechanical work, appears as heat. 

The OcTKration of ElectricUy. 
Lastly, muscle, in contracting, develops electricity. 



maOR MOBTI8. 



Sigor Mortit. 



We may take up now the chcmges which mascle under- 
goes at auil after death. It is a familiar fact that death of 
all the tisauea does not take place xjmultaneouslj. For u 
long time after vulitional or reflex control baa been lost, hj 
Buspcnaion of volition or reSes nctinu, a muscle will Gtill 
uiiitinue to respond to artilieial atimulus. The muscles of 
cold bliiodeil animals remain irritable tor 8-10 dn3^ after 
the denth of the animals, and under favorable circumstouceG, 
much longer. Thus my colleague, Dr. Longwortb, reported 
to our Academy of Medicine, the contmuing pulsation of 
the heart of a boa constrictor twenty-one days after il had 
been sent iu dead from the Zoological Garden for purpose 
of post-mortem examination, and Redi saw contractility 
persist in a tortoise twenty-three days after death. But the 
muscles of warm blooded animals loee their irritahihty m a 
few hours, or at most, in a few days. The muscles of birds 
cease to respond to irritation sooner than those of mammals. 

The precise time at which muscle irritability is lost, 
depends then upon the nature of the animal. It depends 
also upon surrounding conditions. Thus it is preserved 
longest at <l temperature of 0^ C. ; a, lower temperature 
freezes muscle and thus speedily destroys its irritability, 
and a much higher temperature hastens chemical change 
and thus exercises the same effect. 

The death of muscle is characterised by a peculiar change 
in its substance. It becomes gradually more dense and less 
extensible. When this stage has wholly developed, muscle 
is sold to be in the stage of cadaveric rigidity or rigor 
mortis. The immediate cause of these physical changes is 
I coagulation of the myosin, or muscle protoplasm. 
Myosin clots after death just as fibrin clots in the blood, 
and thuii changw the consistency of muscle substanca. The 
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membere of the body must be composed ahortly after death 
to anticipate theae changes by a fixation in the position in 
which it is intended they shall remain. For, tifter rigidity 
in developed, the posture of the body, or the position of 
members, can be changed only with considerable force. 

Higidity first eatablishes it«elf in the muscles of the neck 
and JU.W9, next.iu those of the trank and lastly in those of 
the upper and lower extremities, and it is in this order or 
sequence tbat it gradually disappears to putrefactive 
change. It never occurs immediately after death, and ia 
never entirely absent, though it may bo comparatively 
slight in degree. Involuntary muscle experiences the samo 
change, but at a later period. The very last muscle to sur- 
render to rigor mortis is the right auricle of the heart, and 
because this fuet was first noticed by Haller, this organ was 
compliraentarily designated the "■uUimuTa morieng Hiilleri." 

Such radical change occurs in muscle substance when 
tlndergoing rigor mortis, tbat it is only at the commence- 
ment of this process that its irritability can be restored by 
the transfusion of fresh blood. Preyer was able, however, 
by dissolving the coagulated myosin with a solution of 
common salt, and then injecting blood, to restore irritability 
to muscle in cadaveric rigidity. This recovery of tone 
was, of course, due to the fact that all the myosin does not 
coagulate at once ; enough tor purposes of demonstration 
still remains fluid, and able to act, when relieved from the 
clo^ng action of the coagulum about it. 

Post-mortem rigidity seta in very speedily in muscles 
whose tone baa been exhausted just before death, as in 
hunted animals, or after poisoning with strychnia, tetanus 
from septic disease, or other cause. It is stated by Sommer 
that it never manifests itself eooner than seven minutes or 
later than ten hours. Although army sui^ons have con- 
tended, from observations of the ffostn^es of soldiers killed 
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on the field of battle, that rigidity is occasioDallj' immediate, 
it is known that eome interval of time always intervcnea. 
But in caaea of very Buddeu dBatli the interval is very short. 
A9 a rule, the more slowly it developJi, the longer it lasts. 
In c-naes of death by stroke of lightning or poisoning by 
prussic acid, its peraistence is bo sliort as to have given rise 
to the erroneous belief that it had not occurred at all. We 
know of no agent that may temporarily induce it after tho 
manner of the drug which the friar gave to Juliet, that 



Pott-Mortim Changes in Maeck. 
Very curious changes sometimes occur in muscle after 
death. In the presence of much moisture, bodies are ooca- 
sionally completely saponified, converted into adipocire, and 
are thus indefinitely preserved. Or, muscle, with other soft 
parts, may become dried up, mummified, and be thus pre- 
served for thousands of years. Both these processes, as well 
as that of calcification (lithopiedion), may occur also in the 
fostus in utero. But, in the rule, mascle substance under- 
goes gradual liquefaction and resolution by ordinary putre- 
factive changes. But all the muscles do not suSer dissolu- 
tion to the same degree. Tlius the walls of the aorta pendst 
luiig after the smaller vessela and the voluntary muscles 
have disappeared. Tho tissue or structure which survives, 
or rather persists, the longest, is the uterus, and it ia to call 
your attention to this fact, which is of great value from a 
medico-legal point of view, that I make mention of a subject 
not strictly physiological. The uterus remains fresh and 
' firm long after destruction of all other soft part« in t 
body. In the midst of univcr3;i[ decomposition it may still 
be removed from the body in its entirety, beoiieued and ex- 
amined, and thus the presence or absence of pregnancy at | 
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or prior to death, establishcil. The uterus of the new-born 
child persists in the samo way. la liia monumental work on 
Legal Medicine, Caajwr details caaea of extreme interest in 
which the persisteuce uiid appearance of the uterus furnished 
positivo evidence coDcemint[ couditiona at the time ot 
death. 

The Fuel of M<udc. 

The muacle mnchinery is no more capable of action 
without food than a eteam engine without fuel, and the 
promptitude and power of muscular action depends, as in 
the machine, upon two factors: (1), upon the character of 
the fuel, and (2), upon the capacity of the muscle to courert 
latent into active force. The fuel from which the most 
force can bo evolved is that which uintains the most 
combustible materiaL The most combustible material (that 
is least expensive) is carbon. The fuel which contains tho 
most carina is coal, hence coal is the best fuel for the 
engine. The food which contains the moat carbon is fat, 
and the various hydrocarlrans, hence theiie aliments form 
the best fuel fur muscular work. It has always been 
maintained up to very recent years that muscle consumed 
its own substance in its work, but this view was easily dis- 
proven by the observation that the products of muscular 
work are not products of muscular consumption. Muscle 
protoplasm is lai^ely composed, as we have seen, of myosin, 
K pecular albumenoid substance, which occupies a place 
between fibrin and globulin. Oxidation of myosin, which 
with all the albumenoida is a nitrogenised matter, must 
yield nitrogenised products (urea) in the excretions. But 
objervation has shown that the urea is not increased in the 
urine as tlie reiuU of muscular work. This conclusion has 
been reached from manydireclions, but nowhere so decisively 
u from the observations of Fipk and Wiscileuus, who as- 
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cended, fnsling, ft high moiintaia in the Bernese Alps, 
carefully ineustiring the urine voided at. erery stage of 
progress, fur ils quantity of urea. The quantity of urea 
was not increased by this severe physical exercise, but 
the eihalution of carbonic acid gas from ths lungs and 
skin waa very markedly incrensod, proof that the luatcrial 
uaed w> fuel xvaa not the muscle substance itself, but the 
hydrocarbons of the blood. Indeed, Mayer has made a 
calculation Hhowiog that if muscle cunsumed Itself in action 
the whole muscular system would be burnt up (oxidised) i.i 
just eighty days. 

But though muscle machinery does not use up itself aa 
fuel any more than any other engine, it does, tike every 
other engine, undergo the wear and tear of daily use and 
thus experience wa3t« in slight degree. Tbat this waste 
may be repaired and the phyaiolt^ical integrity of the 
muscles preserved, nitrogenous food is also aneceseuty. 

The Arab, says Dondera, never lets his hoise eat gnua 
and hay to satiety. Its chief food is barley, and in the I 
wilderness it gets milk, and if great effort is required, even I 
camels ilosh. A super-abundance of nitrogenous food is I 
found fur animals in corn, which, notwithstanding its excen I 
of hydro-carbons, contains more albuminates than any I 
other vegetable food. Oats, too, furnish horsoe , 
abundance of nitrogenous matter, and jockeys '. 
saying, on witnessing spirited work in horses, tliat t 
"feel their oats." 

The Oxygen Supply. 

The food thus furnishes the oxidisable material. Then! 

muscle must also receive abundant supply of oxygen. Wefl 
have already seen, that this supply is brought to i 
by the blood, which reaches it red and leaves it blue, 
muscle 1x9 at rest, however, the blood is so little deoxyge 



' THE MTSCLES AS LEVEES. 217 

that its escaping blood preserves its arterial hue. It is said 
that oxygen administered roughly, as by the injection of a 
highly oxygenated substance, permanganate of potash, for 
instance, will restore irritability to a dying muscle, and it 
is well known that the transfusion of fresh blood will, by 
means of its oxygen, effect this result up to, and even after the 
commencement of, cadaveric rigidity. 

Dependence of Muscle upon Blood, 

The necessity of a continuous supply of material for 
consumption (food), and material for consuming (oxygen), 
by the blood, is conclusively demonstrated by the observa- 
tion of the effects attending ligation of the vessels supplying 
muscles. Thus Longet tied the abdominal aorta in five 
dogs and found that voluntary motion ceased in about a 
quarter of an hour, and response to artificial stimulus in two 
and a quarter hours. When the ligature was removed, 
irritability to stimulus, and afterwards voluntary motion, 
shortly returned. Brown-S^uard made some similar ex- 
periments of more striking nature upon the human body. 
In the cases of two decapitated criminals, he transfused 
fresh blood into the arteries of the hand, thirteen hours and 
ten minutes after death, when all muscular irritability had 
disappeared, and cadaveric rigidity was quite marked, and 
found that it reappeared and could be demonstrated in all 
but two of the muscles of the hand. On a subsequent 
occasion, he used the defibrinated blood of the dog with the 
same effect (Flint). 

The Muscles as Levers, 

Let us now look at the muscles from a purely mechanical 
point of view, viz., as levers. Those of us who are at all 
acquainted with the laws of mechanics are aware that there 
are three different classes of levers. The first is represented in 

19 
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uwng the common crowbar, or in working the pump handle, 
or in raising coals with a poker in s. grate. Tbe fulcrum 
rest3 between the power and the weight. Though Ibcre ia 
ill this form of lever considerable power, there is not much 
range of movement. The chief advantage of this lever is 
celerity of action. A typical illustration of this form of 
lever in the body ia the action of the muscles which move 
the head upon the spine. Th« muscles of the neck conatitute 
the power, tho head is the weight, and the spine is the 
fulcrum. 

In a lever of the second clnsa, tbe weight is between the 
power and the fulcrum, aa in. the case of trundling the 
common wheelbarrow. Here there ia great power, but 
littlo velocity, and less range. The best, and almost the 
oaly, example of this lever in the body, in the action of the 
tendon of Achillea in lifting the whole body in walking. 
The muscle of the calf form the power, the body is the 
weight, and the toes are the fulcra. 

In the lever of tho third class the power is between the 
weight and the fulcrum. It is rcpreaeul«d in lifting a ladder 
up against, or away from, a wall. There ia hero hut little 
advantage for power, there is less velocity, but there is wide 
range. The free end of the ladder has enormous sweep. 
The lever of the third class is the feeblest of all tho levers, 
but every thing here ia sacrificed to range. This ia by far 
the most common form of lever in the body, and is typically 
represented in the action of the biceps brachialis. 

TJie Absolute Power of Muecle. 
The ahaolut« power of muscle is dependent, as would have 
been inferred, upon its bulk, an exhibited on crosa Boction, 
and is determined by observing tho weight which it will 
lift. It baa been observed that the power of contraction is 
at its maiimum on the beginning of shoitening, aud thus 
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Weber has been able to fix the absolute power of one square 
centimetre of frogs muscle (hyoglossus), under the most 
favorable circumstances at 0.C92 kilogrammes (24 oz.). 
Bosenthal succeeded later in obtaining better results, viz., 
for the same quantity of muscle a little over one kilogramme 
(35 oz.). Weber found that muscle exerted its maximum 
effect when he loaded the same piece of muscle with only 
450 grammes (15 oz.). The muscle then lifted 93 times its 
weight 15 millimeters (006 in.) high. In subsequent experi- 
mentation on man, Weber found that the absolute power of 
human muscle is very much greater. Thus a square centimeter 
(0.4 in.) of the gastrocnemius muscle of man has an absolute 
power of 700-1087 grm. (24-38oz.). Henke and Kosterhave, 
also, obtained better, results, observing that a square centi- 
meter of muscle from the thigh had a power 5.9 kilogrammes 
(215 oz.) and from the arm of 8 kilogrammes (282 oz.), 
a difference, as Bruecke observes, which was clearly due to 
difference in the muscular power of the individuals under 
observation. 

The Power of Muscle in General, 

The general power or force of muscles may be readily 
estimated by means of an instrument first devised by 
Begnier, the dynamometer, which consists of a steel spring 
whose compression (by the hand or other group of muscles), 
moves a needle along a scale graduated to represent equiva- 
lents of weight. This instrument of precision is of great 
value in clinical medicine in enabling the physician to 
accurately guage the effects of treatment of paralysed 
muscles and has enabled physiologists to make the observa- 
tion that the muscles differ in force in different individuals, 
and in different muscles in the same individual at different 
times. Thus Koster found that the power from the same 
sections, was for the biceps brachialis 17 kilogrammes, for the 



220 THE DIFFERENCE IX THE GEXES. 

gastrocneniiuH 10 kilugrammeH and for the pasteritir tibial 
oDiy 2 kilogrammca. The diflerence in dilTercot individuals 
is genemlly dett'rmined after the method first emiiloycd by 
Regnier, which consista in lifting n weight from the ground 
between the feet. Queteiet called the force thus employed 
the renal force, and remarked that in youth it is very slight; 
it increases rapidly up to the age of 17 or IS and attains its i 
rouiimum at 35 years. It now remains stationary for b | 
time and then declines markedly towards 40 years. It ia 1 

nan than in man. Dt'sagulicra states I 
in licahli may lift 1S5 lbs., and tha I 

men, 400 lbs. Topham, a so-called J 



always much leas in w 
tlint the wo.ikoat me 
strongest of ordinary 
Sampson, could lift 81 



I the Sta;, 



It IB a subject of daily observation that the female of most J 
animals is capable, thoughof less iMwcrful, of more snatained I 
elTort. And this observation is supported by anatomical I 
and physiological difTcrcnces in the construction and action J 
ot the muscles. The action of muscular fibres has been not i 
inaptly compared by Milne Edwards to the work of i 
number of laborers. The fibres are laborers in long parallel 
lines. They do not all pull at once or with the same degree 
ot exertion. Hence the greater the number of fibres the 
greater the number of rested or resting fibres. The muscular 
fibres in the female, though individually smaller, are 
numerically greater, and hence the capacity for greater eus- 
tentation of efibrt. 
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0. Sachs has shown that the muscle caskets arc smaller iB 
warm than in cold blooded animals, and smaller in 
blooded animals than in anthropoda. In the smaller p 
tlio pbysioli^cal surface of tiasus is increased and t 
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energy of metamorphosis is greater. Hence the mechanical 
effects of smaller fibres is heightened, "just as a bundle of 
magnets has a greater effect than one massive magnet of the 
same weight.^' The force of the muscle of mammals is 
hence greater than that of the frog. 

The remarkable duration and sustentation of muscular 
effort in birds thus also finds satisfactory explanation. Mon- 
tague, a celebrated ormithologist, estimates that hawks fly 
at the rate of 150 miles an hour and various birds often 
travel 600 to 1000 miles without food in their winter and 
summer migrations. But it is in insects, in which the 
muscle caskets have been discovered to be minute structures 
distinctly suspended in fluid, that the force of contraction 
is greatest in proportion to their size, llius Dunglison 
states that the lucanus cervus, or stag-beetle, has been known 
to gnaw a hole, of an inch diameter, in the side of an iron 
canister in which it had been confined, and the same author 
calls attention to the persistence and apparent ease with 
which flies will keep up with the fleetest racehorse, sweeping 
large circles about him all the time. The stridulations 
(scrapings of wing covers) made by crickets and grasshoppers 
can be heard a mile, whence it is estimated that if man 
could emit sounds whose intensity should be proportionate 
to his size, he could make himself heard all around the 
earth. 

The Velocity and Delicacy of Muscular Action. 

We may not take final leave of the properties of 
muscle without calling attention to the readiness of its re- 
sponse to stimulus, its capacity for swift repetition of con- 
traction, and the degree of delicacy and accuracy of its action 
under proper cultivation. The ready response of muscle has 
been clearly shown by Kronecker and Stirling in their demon- 
strations that muscle replies to stimuli, which reach their 
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lencrveinleaathan tlie ^ T^ Jaoo partof nsecond. 
Antl as to the capacity for swift repetitiuti of cuntractlon, 
these same esperimentera quote the observations of llanviev, 
who rcmarkett that the pale muscle of the rabbit could 
indicate 357 single contractions in a necond, nod of Mtkrey 
that the common horse-fly can make voluntarily S30 
movemeuts of the wing in a second. The musical tone 
emitted by the contraction of muscle gives an accurata 
estimate of the rapidity of muscular movement. A certain 
tonecorrespondSgOf course, to a certain number of vibrations, 
and hence it ia calculated that the wings of insectsatrike tlie 
air even many thousand times every second. The finest ' 
muscular movementti in man, are those which change the 
position and tension of the vocal cords. Miiller hits observed 
that there are at least 2-10 difTerent states of tension of the 
Tocal corda, and as the whole variation is not more than 
one-fifth of an inch, the variation required to pass from one 
interval to another will not bo more than •[^im of an inch. 

The quick, deft and delicate play of muscles is hardly 
anywhere better exhibited in man than in the modulations 
of the voice, in the shades of expression of the face, and in 
tbe infinite variety of gesticulation. Thus;— 



"The arched and jjoliahed forehead," says Sir Charles Bell, 
"terminated by the distinct line of the brow, is a table, ( 
which we may see written in perishable characters, but dis- 
tinct while they continue, the prevailing cast of thought" 
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NERVE AND ITS PROPERTIES. 
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of Motor Nerves — Course of Nerve Fibres — Identity of Nerve Fibres 
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nificance of Nerves — The Effects of Use, Disuse and Age. 

The primary object of the nervous tissue is to link together 
different and often widely distant structures. The nervous 
system is thus the supreme regulator of the actions of the 
body. It secures harmonious and consentaneous, or coordi- 
nated, operations. Thus, if muscular activity is to be in- 
creased (exercised), the muscle substance must needs 
. have more fuel in the way of additional supply of blood ; 
it must also have more oxygen to effect the consumption of 
the fuel and thus the liberation of additional force. Hence 
increased muscular activity implies accelerated circulation 
and accelerated respiration. It is the function of the nervous 
system to secure this consentaneous and correspondent 
activity on the part of the heart and lungs as well as on the 
part of the muscle. The nervous system has, at the same 
time, to regulate the activity of the secretory organs to 
provide for the escape of the products of combustion. 
Complexity of organisation implies, therefore, a nervous 
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system in higU degree c.£ ibvclopment. An animal takes 
rnnk in the animal scale, according to the degree oE develop- 
ment of its nervaua system, that is, accordiog to the quimtity 
oud quality of ita ucrvous tissue. 

rae Nervous, Sabaidary to Other TUiuet. 
Eu t so much strcashas been laid npoDtheBnpreioacy of the 
nervous system that we are apt to for^t that the rest of the 
animal was not constructed for the nervous system; thener^ 
voussystcm is constructed rather for the benefit of the unimaL 
In fact, the nervous system stands towards the rest of the 
body, much in the light of telegraphy to the inhabitants of 
a country. It signaliseH wants and supplies, regulates 
transniissions, ir.trna of dangers ami furni^es intelligence. 
We look back with a feeling of pity and contempt, upon 
that state of society which enjoyed no system of telegraphy, 
no means of rapid communication, just as we look down 
upon animals not endowed with nervous tissue, yet we may 
not forget that such etutea of society, and such kinds of 
unimaU, did and do exist. The nervous system 
addendum to a liiglicr grade of development. We may not, 
therefore, look upon the body OS acollection of cells attached 
to the nervous tissue like the leaves, for esamplo, upon the 
trunk and twigsof a tree. On the contrary, i 
Fyatem which is nttathed to tlie celia. The nerve fibres 
are to bo looked upon as oiT^hoots from the cella for tha 
purpose of association and interaction. 

Independence of Nerre Force. 
It was once believed, is taught now by some meta- 
physicians, that nerve force is born in nerve centres ai 
sent through nerve fibres to muscles, for instance, where it 
acta as motion. That is, that motion is only a transformed 
nerve force. Cut the physiologist con not accept such a 
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doctrine. The nerve force is not the fuel for the 
muscle. The blood, which is the prepared fooJ, is the fuel 
that furnishes the muscle with force. The nerve force is 
simply the excitant of the muscle. A very small amount 
of nerve force suffices to induce a very great amount of 
muscular force. Muscle is a machine, as we have seen, like 
an engine. It stands ready to act. There is steam in the 
boiler, that is, there is blood in its substance. Still the 
engine does not move. The nerve force is the hand that 
opens the throttle *and thus causes the machinery to move. 
I might make this point plainer by likening the parts of the 
body to different branches of a great army out upon the 
field. The nervous system is the system of telegraphy 
which directs the movements of the army. But no one 
would claim that the movements of the army, were trans- 
formations or transubstantiations of the force of electricity 
urthe battery of the telegraph. 

Genesis of Nerve Force, 

The nerve force is generated in nerve cells and is conducted 
along nerve fibres or tubes. The study of the nervous system 
divides itself, thus, physiologically, into the study of the 
generators and the conductors. Cells never conduct and 
fibres never generate. Of course, in using the term generate, 
it is not meant to imply the creation of a new force. Such 
a conception is unscientific, that is, false. The nerve cells 
generate nerve force in the sense in which the cups of a 
galvanic battery generate electricity. The electricity from 
galvanism is the result of chemical force which, in turn, is 
liberated from force latent in metals,etc., stored up in the past. 
So the nerve cells are simply means of transforming latent 
force in the blood into nerve force. We return again to the 
galvanic battery. 
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Arrangement of Nerve Tiaue. 

The nervous Byatem, we find to be arranged tile the 
telegraph HyHtem of a. nation or state. There is a great eeutral 
battery in the capital, represented in the hraio ; there are 
smaller batteries in smaller cities, as in the sepiirate collec 
tiona of nerve cella (ganglions) in different oigans, and where 
distances are great, there are reenforcinghatteries, as along the 
sympathetic and pneumogaatrio nerves. The connecting 
wires are represented by the nerve tubes. 

The Color of Xerve TiMSue. 

Tlie nerve cells, en movie, present a more or less grayish 
hue, while the tubes, en masgc, present a distinct white eolor. 
Hence the terms gray matter and white matter. The 
outside (cortex) of the brain and the inside of the spinal 
cord are mainly composed of cells, gray matter, while the 
interior masH of the brain and the exterior of tlie cord, are 
composed of nerve fibres, white matter. The great ganglia 
at the base of the brain and tlie smaller ganglia ticattered 
over the body, everywhere, are composed of both cells and 
fibres, and show colors according to the relative arrangement 
or predominance of one or other structure. 

Tlie Cerebro-Spirtal and Sympathetic Systemi, 

Finally, the mass of nerve substance accumulated in the 
cranial cavity (the brain), and in the great tube formed by 
the imposition above each other of thearchesiof the vertebra 
(the spinal cord), together with all the nerves (cranial and 
spinal) which issue from their base and sides, constitute the 
cerebro-spinal system (voluntary), presiding over animal 
life ; and the ganglionic masses, disposed along each aide of 
the spinal column and extending inU> the cavity of the 
cranium, connected with each other and with the cerebio- i 
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spinal nerves by commissures and supplying motor and 
sensitive structures with nerve filaments, constitute the 
sympathetic (involuntary) system, presiding over vegetative 
life. 

The Nerve CelU. 

The nerve cells are readily recognised under the microscope 
by their irregular, often almost fantastic, shape, their bright 
nucleus and nucleolus, the amount of colored protoplasm 
(pigment) which they contain, and by the prolongations 
which issue from their circumference. The prolongations 
are known as poles. We observe, thus, unipolar, bipolar, 
multipolar cells. Apolar cells are probably artificial creations 
that is, they are results of accidents in the examination. 
Else, having no use, they would have to be regarded as 
foreign bodies or parasites. 

We may mostly recognise among the poles one which 
seems to be composed of the Essential element only of the 
nerve fibre. It is, in fact, the commencing nerve fibre. Some 
of these fibres pass out to the periphery as nerves, others 
pass to other cells, connecting them, as commissures. The 
great transverse bridge of the brain, the corpus callosum, is 
made up, for the most part, of these internuncial fibers, 
connecting the cerebral hemispheres. 

The Nerve Fibres, 

Nerves are bundles of nerve fibres. The ultimate nerve 
fibre is composed of three parts ; the investing membrane 
neurilemma, or tubular sheath ; the medulla or white sub- 
stance of Schwann; and the essential element or axis 
cylinder. 

The Tubular Sheath, 

or neurilemma, is an exceedingly delica|;c, translucent, but 
highly resistant and elastic membrane which envelops the 
exterior of the nerve throughout its course. It is absent 
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at its inception from the nerve cell, it is absent also Ib^ 
places wlicro tlio nerve ia already sutficieotly protected, ia 
cayitiea containing ODly nerves, as in the substance (white 1 
matter) of the brain, and ia absent agaiu where the nerve I 
passes to its ultimate distribution. 

The Wule Subetance of Schwann 
unfortunatelf named the medulla, aa it does not occupy the I 
centre of the tube, like the medulla of l»De, ia the gelati- f 
nous, translucent, substance, which composes the bulk of I 
the nerve fibre. Shortly after death of the nerve, it Cftagu- ] 
lates to an opaque, white mass, and gives U 
quite cbiiracterifttic, varieoae, appearance. The medulla ia 1 
also absent in central nerves and at tbe beginning and end 1 
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or asial band, b the central, rather flattened band of clear, ^ 
glassy, jelly-liiie matter, which occupies the centre of the 
iicrve tul)e. The axis cylinder is the sole essential conduct- I 
ing element. The norve issues from the cell aa t 
cyliuder only, and the medulla and the tubular sheath are I 
subsequent additions of structure. At its final distribu-l 
tion, the tubular sheatb and medulla both disappear, and J 
the axis cylinder alone passett to the substance of thef 
muscle, gland cell, hair bulb, or other structure, destined lol 
receive it. Just before its termination, the nerve divideffg 
into a number of brajicbes, each commenciug with 
rtriftion, and then expanding to the full size of the originid.V 
trunk. The axis cylinder throughuut exhibits fine loagita>fl 
' dinal striaa or lines, which are supposed to represent] 
fibrillse, like the subdivisions of muscle fibre, and wliieh area 
r^ardcd by some histolugistM (Schultze) as the ultimatAf 
elementsof compoaitioD. When Btaining solutions, uniline^V 
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carmine, etc., are brought into contact with a piece of 
living nerve under the microscope, it is the axis cylinder 
alone which is colored. 

The Gray Fibres. 

Besides these so-called medullated fibres, there exists a 
different variety of very delicate fibres, whose interior con- 
sists of a uniform, grayish matter, and whose rather thick 
sheath is provided with distinct nuclei. Such fibres are 
found only in the sympathetic system. They are commonly 
known, from their discoverer, as the fibres of Remak. 

Most nerve fibres of the sympathetic system, however, 
are constituted upon the same plan as those of the cerebro- 
spinal axis, and the several parts are roughly likened to the 
constituents of the sub-marine cables ; the envelop repre- 
senting the neurilemma; the rubber or silk insulating 
matter, the medulla; and the conducting wire, the axis 
cylinder. 

The Properties of Nerves, 

It is the function of some of the nerves to conduct from 
the nerve cells, motion, and of other nerves to conduct to 
the cells, sensation. Other nerves passing to and from the 
various glands, to regulate secretion, are known as secretory 
nerves, and still other nerves passing to the walls of blood- 
vessels, to regulate their calibre, are known as vaso-motor 
nerves. The secretory and vaso-motor nerves, including 
fibres of motion and sensation, are described with the rest as 
motory and sensory nerves. Motor and sensitive nerves are 
such exclusively at their origin from motor and sensitive 
nerve cells, but shortly after emergence from the brain, 
spinal cord, or ganglion, the fibres commingle to constitute 
what are known as mixed nerves. 
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Tcnnination) of Seruitivt Neroe Fibras. 

The nerve fibres issue, aa we have bccd, from the nerve 
cells, and are to be regarded us prolongntiotiii frum the 
nerve ceils to the jreriphery, where ihey terminate in special 
Btructures. 

The eeneitive nerven terminate in a. number of peculiar 
bodies, corpuscles of Pacini or Vater, corpuscles of Meissner 
and Wagner (tactile corpuscles), and corpuscles of Krauae. 
These bodies consist of rounded or ovoid layers of connec- 
tive tissue, in the interior of which, or upon the eslerior o£ 
which, the axis cylinder ends. lu the cose of the large 
Pacinian bodies, located in the tendons, and cspeciallf 
abundant about the mesentery, the axis cylinder enters its 
base and divides, in its central cavity, like a fork with 
prongs, into two or three branches, which finally terminate 
in granular expansions. In the case of the smaller tactile 
corpuscles, found in such abundance in the papilhe in the 
cutis vera, the axis cylinder is wound spirally about the ex- 
terior to finally terminate in a point of extreme tenuity. 
In the still smaller corpuscles of Erausc, found in the 
tongue, conjunctiva, glans penis and clitoridi», 
nipple, surfaces of extreme sensitiveness, the axis cylinder 
penetrates the base and terminates in the interior in a loose 
coil. 

All these bodies would seem to exist for the purpose, in 
the first place, of acting tiapoinU iTappui, points of support, 
and, secondly, of increasing the area of surface for the 
termination of the nerve fibre. They officiate something 
like the thickenings of epidermis on the feet, commonly 
known as corns. Though the epidermic mass has in itself 
no sensation, it transmits pressure from every part of its 
surface to the few nerve fibres at its base, and thus is a 
conductor of sensation, which often amounts to positiva 
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But the greater number of the sensitive nerve fibres pass 
to terminate in the hair bulbs. It is a well-known fact that 
we experience tactile sensation before absolute contact with 
the skin is efiected. The touch is felt by the hairs, which so 
uniformly cover the whole surface of the body. The hairs, 
of course, simply transmit pressure to the nerve endings in 
their bulbs. These endings are especially abundant about 
the face, and, in the case of some animals, are peculiarly 
large and sensitive about the various vibrissae or whiskers. 
Thus, a cat will readily wander about a darkened chamber, 
guided by the exercise of the fine sense of touch in its 
whiskers, which correspond to the antennae of insect life. 
It is said that a kitten will thus find its way even though 
perfectly blind. But if, in addition to its loss of sight, it is 
made to lose its whiskers, it will knock its head against 
every obstacle. 

Nerve fibres terminate in the glands by efiecting with the 
secreting cells the most intimate union. Ends of nerve 
fibres have been absolutely traced by Pflueger to the 
nucleoli of the cells composing the salivary gland and the 
pancreas. 

Terminations of Motor Nerve Fibres, 

In smooth muscle, nerve fibres have been traced by 
Frankenhseuser and Arnold into very fine networks, which 
connect together the nucleoli of the muscle fibres. 

The final distribution of the nerves in striped muscle is 
still, however, a question of doubt. It is conceded by all 
observers that the nerve fibre, after penetration of a muscular 
mass, splits into a number of branches, that it then loses its 
medulla, and that a number of nuclei present themselves 
upon the still persisting neurilemma. These nuclei, accumu- 
lated in mass as the nerve fibre approaches the muscle 
fibre, fuse with accumulated nuclei in the sarcolemma of 
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muBcle fibre, to constitute a disk or plate upon the surface 
(if the muscle fibre. So far, there is general agreement. 
The disagreement coacerna the ultiuiate diapositiun of the 
nerve fibre. While Dovure, Kraiise and EngElmana main- 
tain that the muscle plate is the end of the nerve fibre, 
Kiihne and Gcrlaoh claim that the axis cylinder afterwards 
leaves the muscle plate and passes in to make immediate 
connection with the mnsclc protoplasm. Prom among the 
inniiir opinions expressed by the most competent observers, 
we elicit tbe fact that the dilfercDCB concerns the question 
whether the axis cylinder touches the muscle fibre ut one 
point only, or whether it absolutely fuses with it within its 
Hareolemma. This latter view is probably most correct ; 
but the muscle may not be regarded as the end of, or attach- 
ment to, the nerve, as Gerlach has advocated ; the true ex- 
pression of the fact is that the nerve is an offiihoot or an 
addendum to the muscle. 

Courte of Krrve Fibre*. 

Except at their final termination, nerve fibres never 
-divide or anastomose (if we may use such an espression of 
tubes whose contents are more or less solid} witti each other. 
Eacli fibre pursues a course, as straight as may be, from the 
centre to the periphery, or vice versa. To this anatomical 
fact is due the precise circumscription or localisation of 
sensation or motion. A motor nerve fibre, irritated any- 
where in its course, produces spasmodic contraction in the 
muscle or part of muscle to which it is distributed, and no- 
where else. 80 irritation of a sensitive nerve, in any part 
of its course, causes sensation to be perceived at, or referred 
to, the peripheral distribution of the nerve, and nowhere 
else, A blow received upon the ulnar nerve at the elbow, 
for instance, is felt ns a tingling sensation in both sides of 
the little finger and the little finger side of the ring finger, 
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imrfaces receiving the entire periphenil distribution of this 
nerve. So a tumor or foreign body pressing upon the intra- 
cranial trunk of the fifth pair of nerves, may be the cause 
of the intense pain of tic-douloureux experienced in the face. 
Romberg reports a most instructive case illustrative of this 
point. It was a case in which the patient had suffered for yea rs 
previous to his death from most distressing and frequent 
paroxysms of facial neuralgia, the cause of which, as re- 
vealed on post-mortem examination, was an aneurismal en- 
largement of the carotid artery, which made direct pressure 
upon the fifth nerve in the vicinity of the Casserian 
ganglion. The aneurism had surmounted the process of 
bone on the lateral aspect of the body of the sphenoid, 
which process Hilton has signalised and denominated the 
"carotid process," having to exercise "the important func- 
tion of preventing the artery, during its pulsations, from 
pressing on the second division of the fifth — a nerve en- 
dowed with such exquisite sensibility, that the slightest 
injury or pressure would lead to the production of serious 
pain and distress." 

So definitely and distinctly are sensations referred to the 
periphery of nerves, that individuals who have suffered 
amputation will imagine, on experiencing irritation in the 
Htump, the presence of the foot or hand, and cases are 
recorded in which patients )iave thus injured the parts in 
the attempt to step upon an ununited stump of the leg. 
This distressing feeling, or imagination of feeling, in absent 
fingers or toes is, as a rule, gradually corrected by educa- 
tion or habit, but it has persisted in some cases for 15-20 
years. It is also because of this distinct localisation of sen- 
sation, that individuals who have undergone plastic opera- 
tions, as in the transplantation of skin from the forehead 
for the creation of a nose, still refer impressions received 
upon the nose to the forehead. Of course, this reference 

20 
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only applies to ciucs Id which cutaneous cuntinuit; Iiiis 
been maintuincd, as in the Bt«m of the graft which is twisted 
upon iUclf, not diasevereU, t^i become the root of the now. 
The fucetioua comment of Hudibras, therefore, regarding 
absolute ablation of akin and transplantutioti at dletant 
pointti, finds no foundation in fact. 

Identit-j of Neroe Fibm. 



The nerve fibres are thus eo distinctly sepBrated Into con- 
ductors of motion and sensation as to preserve their charac- 
teristics tiiroughout their course. Nevertheless, there is no 
anatomical or chemical difference between motor and sensi- 
tive nerves. It is the conneetion of a nerve fibre, and not 
its construction, which determines its use. A nerve con- 
nected with a muscle ia a motor nerve; a nerve connected 
with a gland ia a. aecretory nerve ; a nerve connected with a 
sensitive surface is a sensitive nerve. So the nerves are 
compared to battery wires which may conduct force to ring 
a bell, show a light, or write a message, according to the CM>n- 
atruction of the end apparatus. Esperiments have been 
made to exhibit this indifference of the nerve fibre, so to 
speak, by transferring t!ie cut end of a motor fibre to the 
cut end of a sensitive fibre, and securing or awaiting union 
of the apposed ends. Philipeau:^ and Vulpiun thua 
observed after union of the lingual (sensitive) and hypo- 
'gloBsal (motor) nerves of the tongue, that irritation of 
the lingual produced contraction in the tong;ue. It ia only 
fair to state, however, that the results of lat«r experimenla 
by Vulpian have left thia question somewhat in doubt. 
For Yulpiaii observed that contraction of the tongue 
supervened upon irritation of the lingual, thus united to the 
Lypogloaaal, only when the chorda tympani fibres in the 
lingual remained intact. When the chorda tympani was 
divided, tbe contractions did not supervene. These experi- 
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ments, therefore, simply prove that motor nerves will con- 
duct for each other. 

Indifference qf Difection^ of Nerve Force, 

It is, however, a clearly established fact that nerve fibres 
will conduct just the same in both directions. That is, if 
a nerve fibre be exsected and reversed, so that its peripheral 
end is now central, nerve force will travel along it, after 
union of the ends, just as before. This fact was very 
strikingly demonstrated by Paul Bert, who inserted and 
fastened the denuded tip of a rat's tail into an incision over 
the centre of its back. After firm union had been secured, 
he separated the tail from the rump of the animal by 
division of its base. The positions of the free and fastened 
ends were now exactly the reverse of the natural condition. 
At the end of three months, irritation of the end of the 
tail was evidently perceived, and at the end of six months, 
sensation was as distinct as before the operation. The sensi- 
tive nerve now conducted the impression in a reverse direc- 
tion. 

The Chemistry of Nerve Tissue, 

Four-fifths of nervous tissue is water, and of the remain- 
ing fifth, the most essential element part is the peculiar 
albumenoid substance, known as lecithine, which is remark- 
able for the amount of phosphorus which it contains. 
Lecithin is a nitrogenous, organic, phosphorised acid, 
a glycerinphosphoric acid, which is made up of radical fatty 
acids (stearic, oleic, etc., acids), and a derivative of 
ammonia (neurine). Lecithin and cerebrin, an additional 
albumenoid body of somewhat similar constitution (but 
more easily soluble in alcohol and less easily in ether), give 
to nerve tissue its physical characteristics. Both these sub- 
stances swell in water, and thus form the drops of medullary 



ACTIOV OF KLECTEICITY UPOS fJERVT: TISSUE. 



230 

Uhsuo wbich enuJe from the nerve on microscopic e 
tiou. Bolh these eulMtancea more nearly resemble casein 
(in easy solubility iu dilute ucidaandBolutions of soda) than 
ftiiy other familiar nlbumcnoid body. The giredominanco of 
phosphorus also piiikes itself manifest iu the mineral ealtn 
entering into the euniposiiion of nerve tissue. The analyses 
of liibru show that of 100 parts of mineral matter from the 
huiuun bruin, the phosphates of potassium, sodium, iron. 
Hue and magnesium form 34.3 parts. This presence of 
pliosphurus, in such quantities, in all parts of nervous 
matter, is tlie fact of highest interest fiom a chemical 
point of view. 

That chemical processes are continually at work in living 
nerves is proven by the existence of electric currents in the 
nerves. In the abaenceof any other cause, electridty cannot 
exist, ur be developed, without chemical aetion. The fact, too, 
that nerve fibres degenerate so soon as they ore separated 
from their central couuectioiis, also proves the presence of 
chemical action. We may surmise that the chemical pro- 
cesses in nerve fibres consist essentially in oxidation of the 
non-niln^nuus elements of the blood, whose chief product 
ii carbonic acid gas, but we hove as yet no positive and 
definite Itnowlodge concerning the fuel of nerve tissue. 

The Artian of Electrldly upon Serve Tiaue. 

Kerre fibre difiers from muscle iu not manifesting the 
action of stimulants or irritants in any visible eflecta. 
Nerve fibre dues not shrink, contract, or undergo, under irri- 
tation, any perceptible change. Nerve fibre exhibits ita 
susceptibility to irritants only in the efTecta produced in the 
structures innervated ; that is, in the contraction of muscle, 
secretion of glands, perceptions of impressions of general or 
speciai sense, or manifestations of the intellect. Neverthe- 
less, a nerve fibre is affected by the passage along ita coune 
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of the electric current. When the constant current of 
electricity is brought to bear upon a nerve, the whole nerve 
is brought to a condition of electric tension, the so-called 
electrotonus, during the existence of which, the sensitive- 
ness of the nerve is very curiously changed. For in the 
part of the nerve near the positive pole the sensitiveness to 
irritation and the rate of conduction are markedly lessened, 
while in the part of the nerve near the negative pole the 
sensitiveness to irritation and the rate of conduction are as 
markedly increased. The condition of the nerve at the 
region of diminished sensitiveness is known as anelectrotonus, 
while the condition at the region of increased sensitiveness 
is known as catelectrotonus. These regions, however, are 
not confined to the intrapolar spaces, but extend on either 
side beyond the poles throughout the entire course of the 
nerve. Between the poles is a point where neither increase 
nor decrease may be observed and this point is known as 
the neutral point. Finally, the arrest or diminution of the 
natural electric current, caused by the passage of the natural 
nerve force, constitutes what is known as the negative 
variation of the electric current. 

Nerve Force. 

We are as ignorant of the ultimate changes in nerve cells, 
whicb attend the conversion of latent force in the blood 
into active nerve force, as of the ultimate changes which 
take place in any body, when it produces light, heat, 
electricity, or any physical force. We are forced to content 
ourselves, therefore, with the study of the properties and 
actions of nerve or other force. We recognise the fact that 
the influence of irritants or impressions are conducted along 
afferent nerve fibres to nerve cells, whence they are trans- 
mitted through efferent nerves to motor, glandular, etc., 
structures. Such a process constitutes a reflex action. 
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But the nerve cell has also the property of retaining the in^fl 
fluenc« of the external impreaeioD, and releasing it at a later T 
period. This later period may be very remote from that of J 
the original impreasioo. When the action then eupervenet^ 1 
it ia known as a volitional act. Acta of volition therefore f 
are, in reality, leflcx actions, whose constituents i 
separated by longer intervals. 

Wo do not, of course, loot upon nerve force as a simple 
transfer of the external irritant. The nerve force is just aa 
different from the exlemal force, as muscular force is from 
nerve force. And just as a small amount of nerve force 
may call into action a large amount of muscular force, bo 
a small amount of external force may evoke a large amount 
of nerve force. The nervous system is, tJius, just as mucha 
machine as is the muscular system, or the gland system. 
The nervous system is a machine for the transformation of 
outside force into nerve force. We can, therefore, no more 
conceive of force being developed Bpontaneonsly, or 
automatically, in the cose of nerves, than in the cose of 
muscles. What is true, thus, of the grosser phenomena of 
nerve tissue, sensation, motion, secretion, etc., must be true . 
of the more intricate processes connected with the special J 
senses, and the faculties of the mind. Impressions are 9 
mode upon the nerve cells through the aveauea of nerra ^ 
fibres of general or special sense. These impreasions may 
be reflected to act at once through motor nerves, or they 
may be stored up to constitute memory. We do not know 
what material changes occur in the nerve cells during the 
reception, reflection or retention of these impressions, any 
more than we know what changes take place in any proto- 
■ plasm when it absorbs, assimilates, or excretes matter, or any 
more than wo kuow what changes take place in 
when it becomes magnetic. We appeal in our ignorance ti 
molecular changes, but we do not accept them aa positive 
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I until their character and degree shaU have been 
definitely dem on nt rated. 

What ahali we say then of the higher actions of the nerve 
celU (cerebrum), which liave come to be differentiated 
from the rest and set apart for purely inlellectual pur- 

\Ve otaerve, in the first place, that the development of 
these cells is a gradual process. The cerebrum h iin 
addition to forniH of life highest in the animal acnlu. Its 
cells are intimately linked with the cells of all other 
ganglionic masses lower In physiological dignity. We should 
therefore oaturally infer that the same laws which apply to 
the nerve fibres and cells composing the spinal cord and 
sympathetio system would also apply to the nerve fibres and 
cells of the cerebrum. Wo observe, tlien, in the second place, 
that no intellectual phenomena of any kind are bom with 
an individual of even the very highest form of life in the 
animal scale. All the movements and actions of the body 
aro BS distinctly reflex ia the new born child as in the fietna 
in ntero. The cry, the eci/ure of tbe breast, the direction 
of the eyes towards a light, are all purely and simply reflex 
' actions. The intellectual manifestations are in every case 
slowly, and we might almost say painfully, acquired. The 
capacity or aptitude for acquisition exists, it is true, because 
the character of the apparatus is rigidly determined by 
inheritance, but the acquisition itself is entirely a matter 
of education. A human being kept away from light, would 
Dot be able to see ; kept from uound, it could not hear or 
apeak ; kept from tbe reception of ideas, it could not think. 
We find ourselves forced to the conclusion that the purely 
intellectual processes, as they are called, tbe memory, the 
reason, tbe will, result entirely from the impression of 
outside influences. Inheritance determines the aptitude 
or plasticity of the brain cells to impressions, aud the 
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Although we are ignorant of the ultimate essence of nerve 
force we are by no means entirely unacquainted with its 
properties and efTecta. Wo have in the first place some 
quite definite information as to the velocity or rapidity 
with which it travels. When this question first excited 
the attention of physiologists, it was considered a eubject 
beyond the poBsibilities oC human comprehension. Haller 
thought that it would be impossible to measure the rate of 
conduction of nerve force becanse there was not sufficient 
distance for estimate aa in the case of light But as Goethe 
has said "one must continue to believe the inconceivable to 
be conceivable, else there will be no discovery." Continued 
investigation has at last been rewarded with positive resnlts 
BO that we possess now tolerably accurate data regarding 
the velocity of nerve force. By attaching two levers to two 
different parts of a muscle and causing the muscle to 
contract fay stimulating successively two difTerent parts of 
the trunk of the nerve terminating in the muscle, Marey 
was able to determine that the response of the muscle waa 
quicker to the irritation nearer the muscle. The interval 
which lapsed between response to stimulus at difTerent 
points along the nerve corresponds to the rate of conduction 
between the points. The distance between these points 
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being knowa, it is enay to eatimfite the rate u( conduction 
along the entire nerve. In likt! niunner, by Doting the 
interval of time which hipsea between perception of on 
irritation at a, distant point, aa at the foot, and at a near 
point, as on the face, the rate of conduction along sensitive 
nerves was approximately established. Though this rate 
of conduclJon difTera In different animals, being more rapid 
in warm blooded animals; differs in the same animal at 
different degrees of temperature, being increased by beat 
and diroiniahed by cold ; dilTurs also in the same nerve at 
different parts of it course, being increasing in motor nerves 
as the nerve approaches the periphery, anil in sensitive 
nerve as it approaches the centre ; differs, lastly, according 
to the degree of freshness or fatigue, being much slower in. 
fatigue ; the genera] velocity of conduction is estimated at 
about 100 feet per second. Auerbacb and v. Eriea have 
shown that tlie perception of tbe diflfercnco between two 
different impreffliona npon the sense of touch requires, as a 
rule, 0.021-0.036 of a second ; of hearing 0.019-0.053 second, 
according to the quality of the tone ; but the localisation of 
e required 0.032-0.077 second. The perception of the 
difference of two objecta addressed to the sense of sight 
required 0.011-0.017 aecond. The recognition of the differ- 
tn two different colora (blue and red) required 
0.012-0.034 second. In ^jicala to the sense of touch and 
a the tongue, Yintachgau and Honigsmiod found that 
touch woa always experienccil first. The perception of tHst« 
required for salt 0.05, for sugar 0.20, for quinine 0.49 

Serve Force Analogous to, hut not Identical leUh, Elecfrieily. 

Though electricity more closely than any other force re- 
semblcB nerve force, their rates of travel alone afford positive 
evidence that nerve force is not electricity. For electricity 
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travels at the rate of many thousaiiil miles a, second. While 
it is true that electricity ix developed in nerves during rest 
of the nerve, as the result of the chemical operations in 
continuous operation, this electricity is at once arrested so 
soon as the chemical force may expend itself as aerve forces 
That is, the most delicate galvanometer Jails to register ia 
nerves the faintest electrical current during the transmission 
of ncrvo force. This fact is, of course, simply another 
illustration of the operation of the law of the conservution 
of force. 

Comparative Vclodly of Nerve and other Form* of Force, 

Nerve force, thus, travels at about the rate of an express 
train. It js much mure rapid than muscle force, but ia 
inflnitelymoreslow than light or electricity. We may form 
some more definite idea of the velocity of nerve force by a 
comparison with that of some more familiar forces. Le Bon 
presents us for this purpose the following table in which the 
figures represent so many metres (a metre is about 40 inches) 
per second :— 

Muscular Contraction - - - - 1 . 

Race Horse 26 

Locomotive - - - - - 27 

Nerve Force 80 

Eagle's Flight ----- 35 

Sound in Air 332 

Cannon Ball 550 

Earth's Revolution about the Sun - 30,800 

Light 300,000,000 

Electricity ... . 464,000,000 

The Heception and Fercfplion of Imprettumt. 

We fail to appreciate the interval of time between the 

reception and perception of an impression simply because o{ 



BECEPnOX AXD PEBCETTI'jS OF lUFRESStON'S, 243 

the short distance to be traversed Iwtwecn the brain and 
the ends of the most distant uerven. In very lar^ animals, 
that is, in Animals n-ith veij long nerres, as in the nhale, a 
harpoon, thrust into the body near the tail, is not felt for an 
entire second, and as an addilioual second most elapse before 
responding motor force can be wnt don-n from the brain, 
the movement of the animal could not occur in lefs than 
tno seconds. So, in the case of a tall man, a mosquito 
o[)erating upon the foot, would have the one-sixth of a second ' 
to moke its eacape, ample time, as we have seen, for tha 
quick movements of insect life. Mr. Flower has expressed 
theopiniou that the large animaU of the tertiary epoch were 
all slow of motion and stupid, in comparison with modern 
species, and this sluggishness and dulnese finds explanation 
in the mere size of the animals and corresponding length 
of the nerves. So the proverbial obtusenesa and imper- 
turbability of giants stands in marked contrast to the acute- 

la and activity of BmaU people. Ponies and terriers are 
mnch more active and vivacious than horses and mastic 

Bat we are not to forget that the character of the receiv- 
ing and generating centres is also an important factor In 
this consideration. Thus children "lo.se the beucfit of their 
amall stature from want of command and eorrellation of 
their faculties," that is, from want of development of the 
nerve cells. Cold blooded feel mueh leas acutely than 
warm blooded animals. In Chamber's Journal is the story 
of a shark caught with a line, the hook of which tore open 
the abdominal cavity, cut out the liver, and left the intes- 
tines hanging from the body. The sailors, In abhorrence, 
threw it into the sea, but it continued near the boat and 
shortly afterwards pursued and attempted to devour a 
mackerel. In one of the older numbers of The Clinic is a 
wet! authenticated statement to the same effect. A fish 
lught in the eye by a hook, and the eye boll was torn 
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from tbo socket. The eye ball was Uien left upon the hook 
aa a bait, nnd in a little whilo it securtHl the rest of the 

animal in tlio usual way. 
It is therefore not true that 

"Thi! poor beetle IhatwetnKid npqn 
In cDrponU BulTcraiicc J^ade a pang as great 

though the pain esperienced by tho albatroHS, shot by the 
-ancient mariner, may have been a^ keen as that felt by 
&■ hu:naa being. The eportanian, who bo cruelty wounds 
-birds and runs down mammals, inflicts for more torture 
than the physiologist with fais experiments upon frogs, and 
boa Icsa jimtification for his work. 

Aneiait Signijieimee of Nervex. 

Nerves were uut known as such by the older anatomiets 
and physiologists. Hippocrates always confounded nerves 
and teudons. Hence tho derivation of tlie word nerve 
{vevpov, cord). Wo speak yet of a strong nervous man, wit^ 
reference to the original meaning of the term, and a weak 
nervous woman, with tefereiice to its modem significai 
Although the true nature of nerves was known to Erasia- 
tratuB and Galen, wo do not find any general recognition o£ 
it until almost within our own limes. All the allusion 
Shakespcre concerning nerves, evidently refer to the sinews 
or tendons. Thus Macbeth cries out to the ghost: — 

"TakeiinyGhapehu[thiit,uidDiyi>nii nervei 



And Hamlet says, alluding to bloodvessels as coids: — 



Tho French translate the "ainews of war" literally, "6a iier/i 
lie la gtterre" 
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Thf. Effccb of Ute and DisuM. 

The literary allusions to the nervoas system, therefore, 
Btill hiive reference to the miml and the mental faculties, 
chiefly from a metHphysical point of view, as HufScicnt 
time hiu scarcely yet elat«ed for geueritl appreciation of 
the phyRicial significance of nervous titaue. But there is 
one point connected with thia tissue which has not, in ita 
effects, at least, escaped general recognition. And that in, 
that the tone of the nervous tissue is only maintained and 
sustained by its exercise. If a nerve of whatever character 
be cut, and union of the divided ends be prevented, atrophy 
of the nerve inevitably ensues, The eioential element of 
the nerve undergoes n granulo-fatty degeneration and at 
last entirely loses its capacity tocoaduct force. Thia atrophy 
then not only effects the nerve, but sJso the end apparatus 
of the nerve. The structure innervated dies with the nerve. 
Nor is the field of destruction limited to the nerve and ita 
distribution ; the nerve centres also suffer atrophy and 
finally cease to functionate at all. The same effect followa 
disuse of the centre, even though anatomical integrity of 
structure bo preserved. The brain develops by use and 
atrophies by disuse. No sight ia more melancholy than 
that gradual contraction of ideas, that irritability to trival 
cause, which inevitably supervenes in an active and liberal 
mind when it^ faculties cease to be exercised. Middle aged 
men who retire from active pursuits to secure the ofium cum 
di^Uate, secure the dignity perhaps, but generally lose the 
ease. Some allowance must, of courae, be made for the 
defective nutrition of advnscing age, but aside from this 
factor, or superadded to it, ia the more marked desolation 
effected by ntrophyfrom disuse- There are forms of animal 
life which in the earlier phases of existence are endowed 
with motion (cilia) and various oigans of special sense. 



S46 THE EFFECra OF USE AND DISUSE. 

Booner, however, da they become fixed ia a convenient place 
than they lose their mieroacopJc oare, loac. one after niiother, 
their apecial Beuses, become thus reduced to shapeleM, inert, 
mosses of protoplasm, and thus vcgelntQ simply for the rest 
of their existence. Such roiluction and waste occurs as the 
result of disuae throughout the animal scale. 

Wu realiae thus the force of Bchiller'a observation to 
Kurner; ''Die HaupUache ul der Fieitz; dena dieuer ffiebt 
nkht nuT die Mitlcl dri Lebens, tondem er giebt ihm mtah 
aeinen alleinigen Werth." (Tlie chief thing is industry ; It 
not only furnishes the means of living, but also gives to 
life its sole worth). 

The atrophic changes iu the nervous tissuo incident 
to age, make themselves manifest in the action of the nerve 
centres as well na in the loss of conductivity in the nerve 
fibres. The iiituUectual and moral faculties suffer the lame 
alterations as the special senses. The organs of coinmunico^ 
tjon with the external world being blunted in their nice 
perceptions, the old man haa only his memories whence to 
derive his intellectual food. As he cannot comprehend the 
world about him in its new order, ho looks upon all that ia 
new with distrust, if not nbaoluta aversion. But thia 
blunting of the Hympathies enables age to regiird events and 
occurrences dispassionately, and hence peculiar wisdom is 
ascribed to this period of life by all peoples and In all lands, 
"If we consider this epoch," remarks Carl Vogt, one of the 
most piofound philosophers of his day, "in its retroceasiona 
of the feelings, in its insenmbillty to external impressions, 
in its lack of the loftier inspirations, in its iasipidity ol 
intellectual productions, we may well cease to begrudge it, 
the wisdom usually ascribed to it." 

At lost, ensues the last stage of atrophy, and: — 

"FruiiiMiu-ltiurougli'scyBsOiotetiracf dotage flow 
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LECTURE XII. 
THE BLOOD AND FES PROPERTIES. 

CONTENTS. 

The Value of the Blood— The Transfodon of Blood— ^The Consdta- 
tion of the Blood— The Color of the Blood— Reaction of the Blood 
—The Odor of the Blood— The Taste of the Blood— The Temperature 
of the Blood— The Weight of the Blood— The Qtiantity of the Blood 
— ^The Morphology of the Blood — The Red Blood Corpuscles— Size 
of the Red Corpuscles — Number of the Red Corjniscles— Elasticity 
of the Red Corpuscle— Constitution of the Red Corpuscles— Use of 
the Red Corpuscles— The Colorless Blood Corpuscles — ^The Blood 
Plasma— The Coagulation of the Blood— The Blood as the Substitute 
of the Body. 

The Value of the Blood. 

The blood is for the most part^ the prepared, digested, 
fluidified, food. But the blood is made up also of the 
waste products of the body. The blood thus officiates as 
the fresh food (solid, liquid, and gaseous) supply and at the 
same time, as the sewage escape. No where in art may we 
observe a nutrient supply conveyed along the same conduits 
or tubes with waste matter without suffering contamination. 
"The blood circulating through the body may be regarded 
as a river flowing by numerous canals through a populous 
city, which not only supplies the wants of the inhabitants, 
but conveys from them, all the impurities which through 
various channels find their way into its stream'' (Bcnnet). 

The mass of the blood is the digested food. To secure 
the elaboration of the coarse elements of the food into the 
finished elements of the blood, is the work of a digestive 
apparatus, which is extensive and complicated according to 
the nature of the food. For food is of no use to the body 
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until it is converted into blood. It is the blood which is ■- 
consumed in the processes of life; thus directly or indirectly, 
all animals are camirorous. 

The blood of plants is the sap which is made up of the 
fluiili6ed salts of the earth. The material which acta as 
blood for the lowest forms of animal life is the sea or the 
water in which they live. 

Blood (Saxon, hlod), in some form or other, is thus the 
most important juice in the body, and its value was recog- 
nised long before its nature and character were established. 
We observe something of the popular recognition of its 
significance in the aversion, or feeling of horror, which 
the mere sight of it occasions. The shedding of blood 
19 associated with the loss of life. So blood is the fluid, 
so to apeak, with which tragic artists paint. Helena, when 
she finds Lysander asleep (Midsummer Nights Dream), can 
not believe him hurt, because as she says: — 



And the watchman in the grave yard scene (Romeo and 
Juliet) appreciates the injury to life with the esckmatioD 
And injunction: — 



The Trantfusion of Blood. 

Perhaps no single eiporiment so convincingly exhibite 
the fact that "the blood is the life" as the practice of inject- 
ing fresh healthy blooil into the veins of an animal dying 
from its loss. Almriat simultaneously with the reception 
of the blood, the respiration becomes more profound, the 
pulse becomes again perceptible, consciousness returns < 
with motion and sensation, in short, the animal is restored 
toUfe. 
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The operation of transfusion of blood was first practised 
on man by a French physician, Denis, June 15, 1667, 
with defibrinated blood from a calf, though numerous 
experiments had been previously made upon lower animals. 
The first recorded intimation of the operation is found in 
Ovid's Metamorphoses, book vii, fable ii, in the order of 
Medea to the daughters of Pelos : "unsheath your swords, 
and exhaust the ancient gore, that I may replenish his 
empty veins with youthful blood." But this statement is 
usually construed by commentators to have only meta- 
phorical meaning, and to have reference to the vivifying efiect 
of a potent decoction which Medea had previously used on 
animals and men. However this may be, it is known that 
the modern operation of transfusion was largely discussed 
by the metaphysicians of the middle ages, that period 
so replete with curious and fantastic projects, and was even 
practised to some extent upon lower animals. As a sample 
of the fabulous expectations entertained of transfusion, at 
this time, I may mention that it was generally believed 
that the long sought secret of rejuvenation had been at last 
discovered. Very soon after the first practice of the opera- 
tion upon man, marvelous results began to be reported. 
Cases of insanity were cured, lost special senses were restored, 
'and aged and decrepit constitutions rehabilitated with the 
vigor of youth. Time, the experiinentum crucis of all dis- 
coveries, soon dissipated all these conceits, and the number 
of accidents and fatal results which att<3nded the operation 
at last brought it into disrepute, when legal injunction caused 
the practice of it to be suspended and forgotten. In this 
oblivion it laid, then, until the beginning of our own century, 
when it was revived by a distinguished obstetrician of 
Dublin, Blundell (1818), with such improvements in method 
and restriction in practice, as to give it ])ernianent place 
among the most valuable acquisitions to modern therapy. 
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In OUT day, transfusion is limited to cases of hemorrhage, 
where it is peculiarly adapted to meet the IndicationH, and 
to coiiea of poisoning by toxic agents (sewer gases, for 
instance) for which we have uo antidote. A temporary 
renewal or protraction of lite may also be cfTcctcd with 
it in cases of phthisis, and sometimes permanent relief 
afforded in cases of inanition from any cause, when the 
ordinary avenues of food are temporarily blocked, or may 
not bo addressed, as in cases of gastric ulcer. It is highly 
probable, however, that other nutrient fluids, an artiQciid 
scruui, or milk, will gradually Bubstitute blood in the 
majority of cases. 

Though the transfusiou of a few ounces of blood usually 
suffice, according to the observations of J. Worm Muller, 
rahbita and dogs may receive as much as eighty per cent 
additional blood without permanent injury. Inexplicable 
laws regulate thcHndof blood which an animal may receive. 
The transfusion of the blood of birds into the vein 
mala produces convulsions and death, as does also the trans- 
fusion of some mammals blood into the veins of other tc 
mals. Dogs blood may he injected into the veins of rabbits 
with perfect impunity, while shcops blood rapidly proves 
fatal (Mittler). 

Most remarkable results have been obtained by the injec- 
tion of hloodintothe veins of animals recently dead. Brown- 
Scquard has performed a great many esperiments of this 
kind, and his accounts of effects secured would seem incredi- 
ble, were they not in full accord with our knowledge of tho 
part the blood [ilays in the animal economy. On one 
occasion, lie dcca])itatcd a dog, taking care to make the 
section below the point whore the vertebral arteries pene- 
trate their osseous canals. "Ton minutes after cessation of 
the respiratory movements of the nares, lips and lower jaw, 
I inserted into the three arteries of the head canulaa con- 



THE COSSTrTCTIO:^ OP THE BLOOD. 251 

nected by caoutchouc tubes to a copper cylinder conlain- 
ing osygenated blood. The blood was now injected by 
moans of a ayringe. In two or three minutes, the eyea 
began to move, aa also the musclea of the face, and these 
moTementa Eteenicd directed by the will. I prolonged this ■ 
experiment a quarter of an hour, and during all this time, 
these movements, apparently voluntary, continued to take 
place. When I ceased the iu jections, the movements ceased 
and were soon replaced by conrulsive movements of tlie 
eyes, face, respiratory movements of the nose, lips and jaws, 
and finally by the tremors of the death agony. The 
pupils now dilated and became fixed as in ordinary death." 
On a subsequent occasion, the same experimenter injected 
into the veins of a dog, just dead from peritonitis, some 
fresh blood from a living dog, tind the dead dog so far re- 
Tived, as to stand upon his feet, wag his tail, make various 
voluntary movements, and survive for twelve and a half 
hours, when he again laid down, and died the second time. 
No physiologist has, as yet, hod the temerity to practice 
this operation upon the brain, or the whole body, of a human 
being, not even for juridical purposes, where it might seem 
justifiable, but there can, of course, bo no doubt as to its 
result Prof. Vulpian remarks upon this auhject : — "If a 
Bavant should attempt this experiment upon the head of an 
individual who had been decapitated, he would assist in the 
production of a grand and terrible spectacle ; he would 
re-awaken in the head all its cerebral functions ; he would 
restore, intheeyes and facial muscles, the movements, which 
in man arc evoked by the emotions, and the thoughts, of 
which the brain ia the seat." 

CoiutUulioTi of tlie Blood. 

Tliebloo<l cnnsists of a fluid, the so-called plasma (Rchul tue). 
and of formed elements suspended in the fluid, the so-called 
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Hood corpuscles (Mflllcr), The only exception tc 
atitutionofLloodiaoileredljytortaiu worms, the no 
in whoso blood no corpusclea havo as yet 
cxivtrcd. 



The Color of the Blood. 

The lilood of nil vertebrate nnimalB, with the ninglc ex- 
ception of the lowest of all, the lancelet, ia red. The blood 
of invcrtt^brato animals is eitlier colorlesH, or isof other color 
than red, aa blue, yellow, green, brown, etc. When the 
blood of inrcrtebrate aniniata is colorod, it ia the plasma 
wiiieh contain the coloring matter, whereas, in vcrtebrato 
animals, the corpasclcs contain the coloring matter, nnd the 
plasma ia colorless, except in cephalopoda, where the cor- 
puscles bare a violet hue, and the terebella, whotie corpnsclcfl 
are yullo wish-red (Gaehcidlen). 

But the red blood of vertebrate animals varies in its tint. 
Like all other colored fluids (aca-watcr, for instance), the 
blood is darker when present in quantity. A thin layer of 
blood or a single corpuscle presents a faint amber hue, 
which may be regarded as the ititriusic color of blood. Tho 
freshly osygciiatcd blood as it leaves the Innga and heart to 
circnlale throughout the body in the arteriea ia a bright 
scarlet red. The deoxygenated and carbonised blood aa it 
collects in the veins to be returned to tho heart and lungs is 
purple or blue. The intrinsic color of blood is duo to the 
presence in tho corpuscles, as one of the ingredienta of con- 
struction, of hLeninglobin, which, as it's name implies, eon- 
tains iron. Tlie dogroo in which tho iron ia oxydiacd de- 
termines tho tint of the blood. Tliua the coloring matter of 
the bUiod ia iron, a tuct which gave to Mr. Euskin tho oppor- 
tunity fur a bit of sentiment in the comment that it soems 
strange that iron, ono of the sternest andhardest subBtancea 
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ill nature, should be selected to give expression in the face 
to the most delicate emotions of the heart. 

^^Behold how like a maid she blushes here: 
Comes not that blood, as modest evidence 
To witness simple virtue?" 

Beaction of the Blood, 

The blood of all animals is alkaline. We have already 
seen how this alkalinity of the blood favors oxidation pro- 
cesses, and the importance of this reaction becomes evident 
with the statement that so soon as the alkalinity of the blood 
of an animal is neutralised, by the injection of an acid into the 
vessels, the animal inevitably dies. But it is only fresh and 
living blood that exhibits alkalescense. Dissolved, dried 
blood is mostly acid and the alkalescence of fresh blood con- 
tinues to diminish after withdrawal from the body. Thus 
40 cubic centimetres of phosphoric acid are required to 
neutralise 100 cubic centimetres of blood freshly drawn, 
while 31 centimetres suffice to neutralise blood which has 
been drawn five minutes. It is by reason of the alkalinity 
of the blood which is chiefly effected in man by the pho»- 
][^ate of soda entering into its composition, that the fluidity 
of the blood is preserved. Blood withdrawn from the body 
is kept fluid by the addition of alkalies, as of ammonia or 
the sulphate of soda. 

The Odor of the Blood. 

The blood has a peculiar odor, which is different in differ- 
ent animals. Thus oxen blood smells of musk, and the 
blood of many insects (caterpillars) has an exceedingly dis- 
agreeable odor. In fact, it is the blood which largely gives 
the characteristic odor to the animal. The odor of the 
blood is due to the existence in it of certain volatile fatty 
i^cidsi in alkaline combinations, whose quantity and exact 
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nature is aa yet undetennined. Concentrated sulphuric 
Qcid liberates the characteristic odor of the blood in muctv 
greater intendty, or develops it when not present in KuiticieDt 
degree to be perceptible (Barruel), and vuluable juridical 
evidence has been fumiahed in this way in doubtful cases. 
This halitua aanguinU of the older physiologiEts is somewhat 
more marked iu male animals. To obtain or develop the 
odor of the blood in aoy intensity, it should be received 
from a vein in a glass vessel and concentrated sulphuric 
acid should be added to it, in the proportiou of one-third to 
one hidf the quajitity of blood. The odor of cattle, sheep, 
doga or fiahea may be distinctly recognised in this way. 

The odor of fresh human blood is not very distinct at best. 
It was a psychical conception and not a phyaical impression 
which Lady Macbeth perceived with such ioteneity, when 
in her sonrnambuliBm she muttered : — 



le pcrfun- 



ncllcirilicbl«>dst 



The Tcate of ike Blood, 

though not so diatinctly characteristic of its source, is 
nevertheless peculiar. The taste of the salty, sweet, and 
extractive elements so mask each other as to render thq 
gustative impreasion of the blood migcnerit. 

The Temperature of the Blood'. 

The blood is kept in the body at a temperature of about 100" 
F. (38°C,) But much variation in temperature isencountered 
in dificrent vessels. The blood of the surface capillaries, 
being cooled by exposure, may fall, even a degree or 
two, according to the external temperature, while in the 
interior of the body, it may be elevated six or seven degrees. 
Aa all chemical action develops heat, we might natutoliy 
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infer, what direct observation positively confirms, that the 
blood is warmest in places where chemical processes are 
most active. So the very hottest blood in the body is found 
in the hepatic veins, vessels which receive the blood after 
the intensely active chemical processes of the liver. The 
temperature of the blood here mounts up to 107° F. (41.6° C), 
a degree which if maintained for a length of time upon the 
surface of the body would indicate inevitably fatal oxidation. 
But the general heat of the blood and of the body is almost 
exclusively sustained by the oxidation processes effected 
by muscular tissue. Donyza's servant then gives his mis- 
tress proper counsel in the advice ; — 

**Pray you walk softly, do not heat your blood." 

The Weight of the Blood. 

The specific gravity of the blood varies between 1054 
and 1060. To obtain it, the blood must of course be 
thoroughly defibrinated. This is accomplished by flagella- 
tion of the blood with a wisp of straw, or by stirring it 
with a spatula or glass rod. The specific gravity of the 
plasma is 1028, and of the corpuscles 1088. The corpuscles 
being thus much the heavier, sink in the plasma whenever 
the blood comes to rest. The red corpuscles being heavier 
than the white sink faster, and leave the white to form the 
"buffy coat" on the surface of the clot. The bufFy coat is 
thus no sign of inflammation (crusta inflammatoria) as 
formerly believed. It simply indicates in its depth the 
sluggishness ot coagulation. It is always seen in the blood 
of the horse withdrawn from the body of the animal. The 
specific gravity of the blood is markedly decreased by 
hemorrhage and increased by transfusion. 

The Qaantity of Blood. 

It would seem to be an easy matter to arrive at the whole 
quantity of blood in the body of an animal by simply open* 
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in|; large veascla and collectiug itos it flows. But the blood 
will not nil flow out from tlie'body. Wlien Byncope super- 
venes, the liluod ceases to flow Id quantityfromparnlysisuf the 
vaso-motor nerves, and no posture can be secured which will 
permit gravity to effect the discharge of blood from all the 

A more efiective method is to collect all the blood that 
will flow spontaneously, and theu wash out the rest by 
injection with a known quantity of wat«r, which could bo 
Bubtriictcd from the whole amount. The objection to this 
method lies in the fact that a forcible injection would carry 
out other fluids, lymph, chyle, muscular fluids, synovial 
aerum, etc., which would pass into tlie bloodvessels bj 
diffusion and thus invalidate conclusions. 

Some idea of the difficulties encountered in computing 
the whole amount of blood may be gathered from the 
difierent estiniates obtained by different experimenters. 
Thus Harvey, Lister, and Moulina compute that the human 
body contains about 8 lbs. of blood, Miiller and Burdoch. 
20 lbs., llallcr 28-30 lbs,, Ilamberger 80 lbs., and KeiU 
100 lbs., diflerenccs which sufficiently exhibit the defective- 
ness of the methodit employed. From among the many 
improved methods of more modern invcstigiitors, I may 
mention that ot Lehmann and Weber which consisted in 
collecting all the blood which would flow spontaueonsly 
from the divided vessels of decapitated animals, washing 
out the vessels until the water injected escaped colorless, and 
then evaporating the fluid to a. solid residue which repre- 
sented, of course, a certain amount of blood. In this way 
these observerH estimated that the proportion of blood to 
the body was about that of one to eight ; that is, the body 
of a man of average weight, 14.^ lbs., contains about 18 lbs. 
of blood, a quajitity too great because of admixture with 
other fluids. 
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Vierordt made a computation by multiplying the quantity 
of blood expelled from the heart at each ventricular con- 
traction by the number of beats required to effect the entire 
round of the circulation. If the ventricle pump out G.3 oz. 
(an amount evidently too great), and 27.7 contractions are 
necessary to effect the round of the circulation, as he 
maintains) the proportion of blood to the body would b3 
A~A> about 11-12 lbs. Welcker first employed the color 
test, which consists in mincing the body of the animal after 
all its blood has escaped, and been washed out. The mince 
meat was then infused and the color of the infusion compared 
with that of previously prepared color tests containing 
a known quantity of blood. Welcker concluded that the 
body of a man (143 lbs.) contains about 11 lbs. of blood. 
Preyer's spectroscopic test (estimation of the amount of 
haemoglobin) yields about the same result, as does also the 
entirely different method of Brozeit, which consisted in the 
recovery of the haematin from the washed out blood, so that 
this proportion, the ^, may be assumed to represent the* 
amount of blood in the body. The proportion of blood to 
the rest of the body in different animals is about as follows : 
guinej^ pig, ^A^V> rabbit ^^^(jy dog iV-A> cat yV> birds 
tV-^» frogs yVifV* fishes tV-tV- 

It must not be forgotten, of course, that the quantity of 
blood varies very greatly ^ different times of the day, with 
reference especially to the hours of taking food. Bernard 
illustrated this fact by drawing ten and a half ounces of 
blood from a rabbit, after eating, without serious result to 
the life of the animal, whereas the withdrawal of five ounces 
proved fatal to the animal fasting. According to Colard de 
Martigny, the quantity of blood in a rabbit, in a healthy 
well-fed state, is about 30 grammes, which is reduced by 
three days fasting to 20 grammes, and by ten days fasting to 
pnly 7 grammes. This great variation with reference to 
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meala may account, a^ Carpenter BUggeata, for the wide die- 
crepancics observable in different eHtimatea of the whole 
quantity of blood. Then the average quantity is widely 
departed from in cnses of plethora and anEi'mia. Thus 
Wrisbei^ atates that a plethoric woman, who died of metro- 
rhagia, lost 2G Iba. of blood, and reports the fact that as 
much as 24 Ilia, was collected from the vessels of a woman 
wlio had suHured death by decapitation. 

The Morpholoff!/ of the Shod. 
The blood as it flows from a. divided vessel is apparently 
II perfectly homogeneous fluid, But on oxaminnlion under 
the microscope it is seen to contain, in myriad numbers, 
certain formed elements, the corpuscles. The corpuaolea 
seem to occupy about liatf the space iu the microscopic 
field. It was not given to Harvey, the discoverer of the 
circulation of the blood, to ever aec the blood corpuscles or 
the capillaries in which their course and conduct in life are 
distinctly visible. The blood corpuscles were first recognised 
by Malpighi (1G61), na peculiar and hitherto unrecognised 
parliclea, floating in the current of the blood. Malpighi, 
however, did not appreciate their aignificance ; he regarded 
them as particles of fat. It was only then after the lapse 
of twelve years, that Leeuwenhoek waa able to describe the 
true nature of the red corpuacl^ aa morphotic elements, 
always present iu the blood. And it was not until a hundred 
years later still, that the t^coiid variety of bodies, the white 
corpuscles, were pointed out by a distinguished English 
obacrver, Wm. Hewson. The recognition of the morphotic 
elements of the blood, waa then only finally complete with 
the discovery by Schultze (1 SGd) of certain, minute, irregular, 
colorless, granules, distinguished by their varying quantity 
and their great refrangibility. Aa we have aa yet no 
knowledge of theae bodies, other thou that of their existencef 
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we may pass to the consideration of the elements with 
whose nature and use we are most familiar. 

The Red Blood Corpuscka. 

There is a description of the red hlood corpuscle that is 
so concise and complete as to have been adopted in most 
works on physiology. The blood corpuscles ar6 described 
viz., as "flattened, biconcave, circular disks." So, then, we 
may say, roughly, that red blood corpuscles look like 
biconcave lenses, or like crackers (butter crackers), without 
their central elevation. The camel and the lama are the 
only mammals whose corpuscles depart from this shape, in 
that in these animals, the red corpuscles, like those of fishes, 
amphibious animals, reptiles, and birds are elliptical. The 
exceptional shape of the corpuscles in the camel species is 
very remarkable, in that the small family of the camelidae 
is thus distinguished alone among all mammals. Milne 
Edwards sought for elliptical corpuscles in more than 200 
species selected from all the natural subdivisions of this 
group, but could not find them "even among the marsupials 
and monotremata, which seem, in certain respects, to establish 
a transition between ordinary mammals and oviparous 
vertebrates." The elliptical shape of the blcod corpuscles 
of the camel tribe, like the existence in the small intestine, 
of the same tribe, of valvulse conniventes, which were once 
believed to' be characteristic of man, is, when properly 
interpreted, additional evidence of the mutability of species. 

In the study of the structure and properties of red blood 
corpuscles, the precaution must always be taken to add to 
the specimen of blood some diluent. Else, the corpuscles 
speedily shrink from evaporation of their fluid contents, 
become crenated upon their edges, and finally shrivel away. 
But the character of the diluent must be selected with 
caution. The addition of simple water dissipates the cor- 
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pneclcs from tbe field in n very few minutes. The irater 
id very quickly absorbed, the culoring matter is separated, the 
corpuscles swell to colorless spheres, burst, or are entirely 
dissolTed from vision. The best fluid in which to proscn-e 
corpuscles is the natural serum of the blood, und the serum 
should he taken from the same animal or from the same 
species of animal. For, according to I^ndois, the blood 
corpuscles of the rabbit, for instance, arc transformed, 
on tbe addition of the seruin from dogs blood, to spheres 
or balls, and thecoloring matter is dissolved out. In the 
absence of serum, a sis per cent, solution of common salt 
exercises the least injurious effect upon the size, shape, and 
structtirc of the corpuscles. Blood corpuscles (of any ani- 
mal) are l)eHt preserved by holding a thin layer of blood 
over an aqueous solution of perosmie acid, in such a way 
that its vapor may jjafls to the blood. The blood corpuscles 
are hardened in this way, without change of form or color. 
They maintain also their central depression and become so 
consistent that they may be kept unaltered for a very long 
time in water or in glycerine. It is the central depression 
which gives to red corpuscles their peculiar optical appear- 
ance. Either the centre is dark and the circumference light, 
or vice versa, according as one or other is in focus. 

Sise of the Blood Corpuscles. 
Sy means of a micrometer it is not difficult to measure 
the exact size of the blood corpuscles of nn animal, a point 
of great medico-legal interest. Yet there is by no means 
that uuaminity of statement upon this subject that might 
naturally be expected. Thus Kolliker, the highest Qerman 
authority says, as regards huinan corpuscles, that 85 out of 
every 100 corpuscles measure jj?^ of an inch (0.0071 mm.) 
in diameter ; Robin, the highest French authority sLites the 
exact dinmelei to be ^j^r "^ "^ ''^'^'' (0.0073 mm.) ; while 
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Gulliver, who examined the corpuscles of all the animals in the 
London Zoological Garden, and hence had great experience 
in measurements, puts the diameter of human corpuscles at 
Wau ^^ ^^ inch, a fraction which is undoubtedly too high. 

That there is no relation whatever, between the size of 
an animal and the size of its blood corpuscles is evidenced 
by reference to Gulliver's table, showing the size of the 
corpuscles in 176 mammals. The ox, for example, a 
very large animal, has a blood corpuscle whose diameter is 
exceedingly small, ^^Vr ^^ ^^ inch, much smaller, thus, than 
that of the corpuscles of man ; while the cat, a small animal, 
has a corpuscle f:}^-^ of an inch diameter, very nearly as 
large as that of the ox, and the mouse, which is much 
smaller than the cat, has a much larger corpuscle, viz., 
^^^ of an inch diameter, much larger, thus, than that of 
the ox. ^ 

Milne Edwards has endeavored to show that there is an 
inverse relation between the size of the corpuscle and the 
muscular activity of the animal, that is, the more active 
animals have the smallest corpuscles. There is much 
foundation for this observation, which may, indeed, be 
considered a rule, but it is a rule, not without exceptions. 
Thus the dog, a very active animal, has a corpuscle which 
is generally regarded as having exactly the dimensions of 
the human corpuscle, viz., ^^^ of an inch, while the ox, a 
very sluggish animal, has a much smaller corpuscle, i^ny ^^ 
an inch. As the size and shape of blood corpuscles are 
among the chief factors in the identification of blood, and its 
source, it is important to have definite and accurate data 
concerning every point. The differentiation of human blood 
from that of fishes, reptiles and birds, never offers the least 
diflSculty, because of the elliptical shape of their corpuscles. 
They are not only ellipses, whose long diameter is about 
twice as great as the broad diameter, but they are also 
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distiuctly emboeaed (biconvex). But the differentiation of 
humtLn blood from tliat of lower mammals is effected with, 
great difficulty and io Homo caaes can not bo effected at alL 

The most recent and reliable measurements of blood cor- 
puaclea have been furniahed by Welcker, who estimated 
the size of hia own blood CDrpuecles from 130 obaervatioos 
as follows : — 



These measurements were made by introducing into the 
eye-piece of a microscope, a micrometer, whose linea stood, 
under a magnification of 620 diameters, 0.001723 mm. apart, 
and the tenths of a division could be e»timiited with accu- 
racy. The blood corpuscles were Biiapended in serum, and 
evaporation, aa well as agitation, was prevented by fastening 
down the edges of the cover glass with Canada balaaja 
(Giacheidlen). 

Welcker also made measurements in the case of other ani- 
mals as follows : — 



Elephant 



No. orObsen-iHiQns. A 

20 - - 0.0094 a 

10 - 0.0073 

EaBbit - - - 20 - - 

Cat - - 20 - 0.0065 

Sheep - - - 20 - - 0.0050 - 

Goat - - - 20 - 0.0041 

Deer - - - 5 - - 0.0025 

And of animals having elliptical corpuscles 



P?E™n 

Kr„s 

Tnton 



0.0080 


0.OO40 


0.0147 


0.0066 


0.0223 


0.0157 


0.0293 


0.0195 
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TVk A'ttiiiJKy fff Red Corpiactf*. 

The number of bJood corpuBcleu in a given quantity of blood 
may bu Bscurt^ined by directly counting them in a koown 
quantity under tlio Itiicroscoiic, and multiplying thiiikuDwn 
quantity, a fractional part of a drop, by the wbolo quantity 
under consideration. A better mcthud, hoircver, is to 
dilute a known quantity of blood with a known quantity of 
serum or salt Holntion, and tben count and compute ae before. 
Prom these methods it is estimated that a cubic ceutimetre 
of human blood contains 4,231,500 (Stiiluing), 4,G20,000 
(Welcker), 5,174,000 (Vierordt), corpuscles. In anaemia, 
leucncytlKcmia, etc., this number may be reduced by milUcins, 
to be aguin restored by cha!yl)eute, or other suitable treat- 
ment. The wholenumberof corpuscles in the blood of a man 
of average weight is roughly eatimnteJ at about twenty-fiTe 
billions. 

Eiaslicili/ iif the Red Corjnu^. 

The red blood eorpusclea are highly elastic l>odiea, Wben 
BtuJied under the mieroKcope it iit obacrved that pressure of 
the cover upon the object glass Huttcns them, but they 
speedily recover their original shape and size when the pres- 
sure is relieved. Observed in the capillary vessele (web of 
frog's foot, tail of lizard, mesentery of mouse, or lung of 
frog) they arc seen to become elongated almost to a thread, 
and thus succeed in traversing capillaries whose diameter ia 
much less than their own, to resume their original sixe and 
shape on escape into wider tubes. 80 they are oometimes 
caught at an angle, formed by the division of one capillary 
into two, and to be swung first partly into one tube, then 
parity into another, changing their shape (passively) con- 
tinually, until, filially, sufficient via a tcrgo from the proper 
direction sweeps them entirely into one or other tube. The 
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elasticity of the corpuscle is also manifest in the conetant ' 
change of shape they are made to undergo under iiermeutioa | 
aad surrender of various gnses. Carbonic acid gas diateDdi j 
the corpuscle, and oxygen leaves them more flat, a factor 
which partiallyefiectsthedifferenceoF color between arterial i 
and venous blood. The red corpuscles, therefore, are rather "] 
ncmi-fluid than semi-solid. They are to bo regarded as "1 
thoroughly homogenous bodies, like particles of jelly and 
arc in uo sense ceils, in the ordinary acceptation of the term, 
with wallH, contents and nuolei. 

ConglUution of the Carpusclen. 

The red blood corpusclcsare composed of a gelatinous basis; 
the stroma, and the iron containing, albumenoid, coloring 
matter ; the hiemoglobin. The hcemoglobm is easily soluble 
in water or scrum hut is so intioiately blended with the 
stroma, as to require artificial intervention to effect Its 
separation. If blood be repeatedly frozen and thawed, or if 
successive strokes of electricity be transmitted through its 
mass, the hemoglobin is separated, and is held in solution 
by the plasma, so that the blood loses its opacity (which 
is due to the difierentangles at which the corpuscles and the 
plasma refract light) aad Incomes quite translucent like 
colored varnish. Dilution with water, the addition of bile 
salts, agitation with ether, chloroform, alcohol or bisulphide 
of carbon effect the same result (Fick). So also septic 
and miasmatic germs, in disorganising the corpuscles, liber- 
ate the coloring matter, so that the skin, mucous membranes, 
in fact, ail the tissues, become staine^ with it. This con- 
stitutes the hematogenous icterus of yellow, malarial, typhus, 
etc., fevers. The haemoglobin when thus separated assumes 
special rhombic forms which may be difl'erentiated from 
th^ forms assumed by the hiemoglobin of lower anifpals. 

One of the most reliable of all the t«s.ts for blood is tl^. 
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spectroscopic test afforded by the lines formed in the spectrum 
by haemoglobin, when oxidised (oxyhemoglobin), as in 
arterial blood, or when reduced, as in venous blood. Reduced 
haemoglobin distinguishes itself by an absorption band 
in the yellow part of the spectrum. If now this solution 
of reduced haemoglobin be agitated with oxygen, the absorp- 
tion band falls into two, one of which approaches the line 
D, the other the line E of the solar spectrum, and the space 
formerly occupied by the absorption band of the reduced 
haemoglobin is now clear. Haemoglobin on standing for any 
length of time separates into an albumenoid substance and 
the iron coloring matter haematin. The addition of acids 
effects the same division. Haematin, dissolved in ether or in 
alkalies, or reduced, gives also special bands in the spectrum. 
The stroma of the corpuscles is a very complicated com- 
bination of an albumenoid substance (protagon or lecithin) 
with salts of potash and phosphorus and with fats and 
cholesterine. It is markedly hygroscopic, swells by imbibi- 
tion with water, and thus restores the size and shape of 
blood corpuscles after the dessication of years. Blood 
stains, shaved up from floors or scraped from knives, have 
been recognised as such, by this restoration of the size and 
shape of dried corpuscles, after the lapse of several years. 

Use of the Bed Blood Corpuscles. 

The red blood corpuscles are the oxygen carriers to the 
tissues. They arrive at the lungs partly emptied of oxygen, 
receive an additional quantity as the result of inspiration, 
and are swept off into the general circulation by the action 
of the heart. In the capillaries, the oxygen, a great part of 
it, at least, is surrendered to the tissues, and carbonic acid 
gas is received in its place. The blood corpuscles have the 
property of absorbing ten to thirteen times as much oxygen 
as water. The blood plasma will absorb two or three times 

28 
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aa much osygen as ^ater, and this constituent officiates in 
its conduction, thougli to mucii less d^ree thau in ths con^ 
duct ion of carbonic acid gas. 

The red corpuscles being thus bo distinctly the ox]rgcn 
carriers, nny marked dimination in tlicir amount should 
produce symptoms of fLsphyxia, And, in fact, it is observed 
that auicnals dying of hemorrhage experience first vertigo 
and syncope, from lack of oxygen for nervous supply, 
become Anally convulsed, and die panting for air. 80 Paul 
Bert has shown that the resistance to asphyxia manifested 
by diving animals, so long inexplicable, is due to the simple 
fact that these animals liave more blood, and consequently 
more blood corpuscles. Thus a chicken can be drowned or 
strangled in two minutes, while a duck of the same weight 
will survive seven or eight minutes. The duck has, how- 
ever, one-third or one-half more blood than the chicken, 
and each additional corpuscle is, of course, an additional 
reservoir of oxygen gas. . 

The Colorkeg Blood Corpugclcs. 

Colorless corpuscles exist in the blood of both vertcbmtc 
and invertebrate animals. The first noticeable fact con- 
cerning the white corpuscles in the blood of man ia their 
comparative paucity, They exist in the proportion of one 
to three to four hundred of the red corpuscles, but their 
absolute and relative number varies greatly according to the 
period of observation. That is, they are very markedly in- 
creased after meals. Thus Hirt found them present before 
breakfast, at the period of greatest fasting, in the proportion 
of 1:1800, after breakfast 1:700, before dinner 1:1500, after 
dinner 1:400, etc. 

The white blood corpuscle differs from the red in other 
respects than color. In the first place it is larger than the 
red. Though Schultze describea three different sizes of 
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white corpuwlea, that nhich exista in greatest number and 
Khichia mostly studied, measures j^^of an inch (O.OIOI mm.) 
in diameter. Secondly, the white blood corpuscle is not n 
disk. It is Hpherical in 8hape. It differs additionally in 
being abundantly granulated, and in containing a distinct 
nncleui. 

Bodies which have always been regarded as aimilar, and 
which are now Icnown to be identicnl in every respect to 
white corpuscles, are found also in the lymph and chyle, in 
colostrum, aemen and in the vitreous humor of the eyebalL 
Such.bodies constitute the morphotic elements of pus, where 
they are known as pus cells. 

Bui what especially distinguishes white blood corpuscles 
(leucocytes), is their property of motion. They move like 
the amtcbx, which we have already studied, and hence are 
often known as the ammboid cells. Circulating in the ves- 
sels, they keep close to the wall of the tcsscI, while the red 
corpuscles form an axial mass in quicker motion. 

Tliis amraboid motion of the white corpuscles may bo very 
easily brought under /tbservation. A watch glass is filled 
with frogs blood, which is allowed to coagulate. The coagu- 
lum is tlien separated with a needle from, the edge of the 
glass, and when a little serum has exuded, a drop of it is let 
fall upon a cover glass, which is then placed upon an object 
gloss, so arranged that it can be kept warm. The edge of 
the object glass should be covered with oil, to prevent 
evaporation. The object glass is now to be gently heated. 
So soon aa the temperature rises to 36° C. (06° F.) the well 
known proceascs of motion ensue. The movements of the 
white corpuscles of human blood, and their response to 
various stimulants, may be studied in the same way. The 
white blood corpuscles represent the incunabular stages of 
the red corpuscles, as transition forms have been discovered 
IB abundance in the lymph glands, in the spleen, thymus 



268 THE EI/»>D PliASMi., 

and thyroid glands, aupra-renal capaiiloa, marrow of bones, 
etc., BtructuFes, nil of tliom, found only in vcrtebiute axor 
mals, in Avhich alone red corpuscles are found. 
The Blood Plasma. 
The plasma contains all 'the remaining ingredients oF 
the hlood except the corpuaclea. To obtain a Batiafactory 
analysis vf tlie pl^sm.i it is necesaary to examine the blood 
before coagulation and after the sinking of the corpuscles. 
As the corpuscles sink very rapidly in the blood of the 
horse, leaving a supernatural clear plasma, the moat reliable 
resulta have been obtained from this animal. The following 
table exhibits the composition of tiio blood of the horse: 

f Water 184.30 

f Hiemoglobin 122,75 





■ Corpuaclea 324.2 


Solids 


Albumen 


17.80 


1000 




141.0 


lecithin 


0.84 


Parts 






, Cholesterin 


0.51 


Blood 




f Water 




679.4 


Confn 






f Fibrin 


6.4 




Plasma G73,8 




Albumen 


43.1 






Solids 


Fat 


0.8 






58.4 


Extracts 
Soluble Salts 


2.6 
4.1 








Insoluble Salts 1.1 



No fluid in the body has been subjected to so many and such 
careful and skilful analyses as the blood, but the conclusiona 
reached by different observers have shown very marked 
differences. When we recall, however, what changes the 
blood muHt undergo, not only daily, and hourly, but in eveiy 
Eeeond of time, in yielding up constituents for continu- 
ous supply, and in receiving as continuously the products 
of combustion and waste, we ae&i/e to wonder at any quanti' 
tative or qualitative discrepancies in the results of chemicsl 

"Nor ■«, although Ihe river ktcp the najne 
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The blood in its entirety contains, thus, proximate princi- 
ples of the three different classes ; of the inorganic class in 
its water, iron and salts, of the non-nitrogenous class in its 
fat, extractives and part of the lecithin, and of the uitro- 
geniscd class in its albumen, globulin and fibrin. Hence it 
is that the blood is the pabulum of all the tissues. It 
contains the materials out of which the protoplasm of all 
the tissues may evolve work, that is fuel, and it contains 
materials from which the tissues may repair their own 
waste. But all these matters do npt really exist in the 
blood as such, and hence are not, strictly speaking, proximate 
principles. This is notably the case with regard to fibrin. 
Fibrin docs not exist in the blood as such, and only presents 
itself as an ingredient when physiological conditions are in 
some way disturbed. Fibrin is a product of two substances, 
the so-called fibrin generators, paraglobuliu and fibrin- 
ogen (A. Schmidt). Both these substances exist as such 
in- the blood, and may be recovered from it by suitable 
manipulation. Nor is the albumen in the blood the same 
as ordinary albumen (white of egg). It differs from it in 
many chemical reactions, and more especially in its osmotic 
properties. If ordinary albumen be injected into the blood, 
it is not absorbed, but is rejected by the kidneys, while 
blood albumen is retained and absorbed. 

The Coagulation of the Blood, 

Within five minutes after blood is withdrawn from the 
body it begins to clot. A gelatinous pellicle first forms 
upon its surface and afterwards extends down the sides of 
the vessel containing the blood. When the vessel is now 
agitated, the mass of blood does not spill out ; it quivers 
like a mass of jelly. Gradually now the process of coagula- 
tion invades the whole mass of the blood until, finally, the 
entire quantity has become '^sef The time occupied in 
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this Bolidification uf tlie whole muss ia, according to Sasae, 
from seven to Btxieen minutes. The clot next begins to 
contract, and pellucid drops of fluid exude from ita surface. 
The further proceaa of coogulation consists in the continna- 
tion of cuntriiction of the coagulum and exprcsuun of 
fluid until, in from 10-12 hours, the whole mass of the blood 
has become sepamted into "u dot" and surrounding "serum." 
The elot is composed of the fibrin, entangling the corpuscles, 
and the serum contains the water, the albumen and the 

Tbo coagulation of the blood depends upon the fact 

that the fibrin generators, when placed under abnormal cou- 
ditiona, pass from the fluid to the solid state, that is, that 
the fibrin generators unite to generate fibrin. If a drop of 
blood be observed under the microscope, this gradual 
development of fibrin manifests itself in the formation of 
threads or fibriilEE, which extend across the microscopic field, 
entangling the corpuscles, which have now become packed up 
against each other, in rows or rouleaux, lilce coins upon a 
banker's table. The corpusclea escape entanglement if time 
be allowed for their subsidence. Thus when the blood 
coagulates slowly, naturally, or artificially (as by the addition 
of alkalies), the corpnscles gravitate to tlie bottom of the 
vessel. The position of the body at death, after subsequent 
change, has sometimes been determined by the location of 
the corpuscles in the clot, us in the longitudinal sinus. We 
have as yet no satisfactory explanation of tbe cause of the 
coagulation of the blood. None the less, however, are we 
able to appreciate its utility. Were it not for this forma- 
tion of fibrin under certain conditions, to officiate as a plug 
for divided vessels, tbe slightest solution of continuity in 
tlie walls of a bloodvessel would be attended with fatal 
hemorrhage. In fact there are cases characterised by a 
deficiency in its formation, the so-called casesof hemorrhagic 
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diathesis m which the oxtraction of a tooth, the scratch of 
a pin, the slij^htcst leaioDS, permit the most disastrous 
hemorrhage. Id these, cases, pressure or ligation of vessels, 
if of sufficient size, afibrda only temporary relief. When 
tho pressure is relieved, or the ligaturecomes away, the hem- 
orrhage, of course, recurs. Ordinarily, however, the congu- 
lating blood blocks the orifice in the wounded vessel, and thus 
ohecksf urther loss. Thegreat vessels in the wallsof the uterus, 
after the extensive lacerations of parturition, are stufTed by 
ciotsof blood and, furtherescape is thus, as a rule, prevented. 
Thus, also, successive layers of fibrin are sometimes deposited 
in the walla of a vessel, weakened and distended by disease 
(nneuristn), bo that the weakest places become the strongest 
by this adventitious padding, TJnfurtunately, fibrin some- 
times exercises a more malign influeace, in being swept off 
in the torrent of tho circulation, from surfaces upon which 
it has become deposited, to distant places, to block up most 
■ important vessels. Masses of fibrin (emboli) are thus 
occasioDally detached from valves of the heart, upon which 
they have come to ba deposited, in consequence of the 
roughening induced by endocardial infiammationB, and 
carried to plug tho great vessels feeding the brain, and thus 
cause tho most serious lesions, and often death. 

Here, then, we must conclude our brief survey of tha 
properties of the blood. And whether we look upon it in 
thelightof its mere complexity of eonatruction,. of tho grave 
symptoms induced by even its partial loss, of its speedy 
reproduction after hemorrhage, of its maintenance of itself 
under the constant consumption which it must sulTar, wo 
can not fail to appreciate its importance. Kagendio says 
that a celebrated physiologist became so convinced of tho 
value of the blood as to define life as "the contact of arterial 
blood with the organs of the body, especially witli the 
brain." If he had said, tho consumption of the blood by 
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t]>Q organs, nnd liberation of its latent force, he would 
bavo told all tlio trutli. The oMur physiolugists were 
fond ot locating lite as a peculiar principle or esaencu 
in the blood. It lodged in the pure or arterial blooiL 
Ic waa the promulgation of this delusion, that the soul 
dwelt in the arterial blood, that cuat Servetua his life. 
Such temerity as the attempt to localise the aoul awakened 
the ire of the theologians, and at the instigation and by the 
orderof John Calvin, Servctus was publicly burned at the 
stake iu Genera, and nearly every copy of big works was 
thrown into the flames. 

The older cliuiciana waged bitter war among themselTes 
concerning the part the blood played in disease. The 
"humoral" pathologists maintained that the blood was the 
seat of all disease. Sluch of the popular conceit of our own 
times regarding "impurities" of the blood ia derived from, 
the doctrinesof humoral pathology. The impurities, which 
we are culled upon totreiit, are, for the must part, impurities 
of the skin, animal and vegetitble paraaites, with which the 
blood has nothing to do, except to nourish their boat. The 
real impuritiee of the blood are the acute infectiona dia- 
eaaea, the gcrmsof which breed in the blood, with character- 
istic fecundity, feed upon it, disorganise and corrupt it, ao 
that:— 
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The blood, aa the source of life, has always been recognised 
as the maternal BUbstituto of the body from which it in 
derived. The contract fur the sale of the soul bad always 
to be signed in blood. So Hepbistophclea insists that Taust 
shall sign his compact i\-ith him with a pcii dipped in bis 
blood, because as he says of this subtle fluid — a saying to 
which we are now prepared to agree:— ".B?u( igf ein ganz 
baonderer Sa/t" (Blood is a very peculiar juice). 
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Clover, red and cats 101 

Coagulation of the blood 2G9 

Coal, magazines of. 40 

Coccyx as rudimentary organ „ 78 

*' muscles of. 79 

Color changes in chameleon 117 

" of blood 232 

** " flowers, use of 101 

** " muscle 177 

** *' nerve tissue 226 

Colors, protective 97 

** warning * 97 

Combustion, excretions as products of 41 

** gases of. 41 

Comparative anatomy^ evidence furnished by ;. Gl, G5 

*' embryology 73 

Conservation of force 23 

Contraction process as cause of heat of the sun 36 

Conservatoire des Arts et des MiJtiers. 29 

Contractility of muscle (see muscle) 

Convertibility of the forces.. „ « 26, 29 

Corpuscles, blood (see blood). 
" bone (see bone). 

»« of Pacini 230 

" of Krause 230 

*♦ tactile 230 

Cranium, bones of. 68 
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Curare, action on muscle 207 

Curve, the muscle 203 

Cuvier, cataclysms of ^ 

** on comparative anatomy G5 

** " foot prints 62 

Darwin Charles Robert, discoveries of 91 

" Erasmus 70 

" on imperfection of g-eological record 03 

** views on rudiments 83 

Death of cells 145 

Decay, action of upon matter ».. 25 

Denudation of earth, rate of. 58 

Diemerbroeck*s treatment of small-pox 7 

Digestive system, rudiments in ^ 79 

Digitalis, action of 12 

Disease, ontological conception of. 5 

Diseases transmitted by inheritance 85 

Drinking water, lime salts in.. 162 

Du Bois-Reymond*s theory of muscular action ...210, 211 

Duck, resistance of to asphyxia 206 

Dynamometer, the 219 

Ear, comparative anatomy of. 65 

** external as rudiment. 81 

** lopped in rabbits effect on bones 173 

** rudimentary muscles of. 79 

** the point of as rudiment 81 

Earth, age of. 69 

*^ effect of arrest of rotation of. 35 

*^ past history of 55 

Egg (see ovum). 

Egg, oxidation processes in.. 135 

Elasticity of muscle 185 

Electricity, action of on muscle 201, 203, 204 

^ action of upon nerve tissue 236 

** and nerve force., .....; 241 

** generation in muscle 209 

»* light from 31 

*' motion from 31 

Electrotonus of nerve fibre 237 

Elements, ultimate composing organic matter 129 

Emboli 271 

Embryology comparative 73 

Endogenous development of cells.. 144 
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Epiphyseal centre in femur 1(18 

Equivalence of the forces. 28 

£rgot, physiological action of. 14 

Evolution, the theory of. 56 

Excretions as products of combustion , 41 

Exercise, influence of on nerve tissue , 245 

Existence, the struggle for ^ 94, 96 

Existing causes, operation of. Sft 

Experience, the fallacy of. 4 

Eye, rudimentary structure in 81 

** comparative anatomy of. 65 

Facial bones, air in 171 

" neuralgia nerves affected in ; 12 

Fatigue, effect on muscle 185 

" sensation of. 191, 192 

Femur, epiphyseal centre in 168 

Fertility of plants and animals 94 

Foetus of man and animals 74, 75 

Fibrin, blood 269,270 

Filum terminale as rudiment 80 

Fire, action of upon matter 24 

Fishes, air in bones of, 170 

Flowers, use of smell and colors of. ^ 101 

Food and fuel, relative cost of. 44 

*^ as source of force 39 

** force value of ^ 43 

** in relation to work 44 

Foot of man and animals 76 

Foot prints as evidence 62 

Force, conservation of. 2A 

** machinery a means of changing 27 

" muscular 218, 219 

" nerve, the 207 

*^ no matter without * 25 

** perpetuity of. 38 

** physiological » »... 39 

Forces, convertibility of the 26 

** equivalence of. 28 

Fossils, explanations of. 56 

Fuel, bones as.. 158 

*•*• and food relative cost of. 44 

Galvani and galvanism 202 

Gases of combustion 41 

Gelatine as an aliment............ ^.,„„^ U>S 
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** spontaneous ^ » 141 

Genesis of protoplasm. ^ ^ ~ ^. 140 

Geoffroy St. Ililaire on rudiments. ^ ^ S2 

Geolo^cal record, imperfection of....... 63 

Germinal vesicle, molecules in 89 

Gesticulation, action of muscle in 2:3 

Gladstone's response 16 

Goethe, views on development of life. 63 

** Wilhelm, work of. 08 

Gravitation, conversion of into heat. 37 

Haeckel Ernst, work of. .^ 74 

Hair bulbs, terminations nerve fibres in. 2A\ 

Hairs as rudiments '. 80 

Haller Albert, sketch of life of. 10 

*' works of, opinions concerning. „. 21 

Hand and its homologues 73 

Haversian canals 153 

Harvey William, discovery of the circulation. 2 

♦* " life of. 17 

Heat caused by g^vitation 37 

** effect on muscle 200 

** {generation of, in muscle 206 

** mechanical equivalent of....... 29 

" motion converted into 30 

** of sun from contraction. 36 

^* solar, origin of 25 

Hema^lobin 264 

Hematin 264 

Heredity (see inheritability). 

Histology, history of. 105 

Homoeopathy and the school of Naples. „ 15 

Homochronous transmissions 87 

Horses, phenomena of reversion in 88 

Human beings, fecundity of 95 

Humboldt^s estimate of forms of life 64 

Humerus, supra-condyloid process of. 78 

Hunger as cause of preservation of race ., 103 

Hunter John, treatment of aneurism 4 

Inheribibility, examples of. 85 

^* explanation of. 89 

** homochronous 87 

** in lower animals —. 8^ 
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Inheritability, influence on the mind 2^ 

** laws of. 8-i 

Infusoria, fecundity of. 05 

Insects, action of muscles in 221 

''*' winged and wingless OG 

Intermaxillary process CO 

Janssens Zacharias and the microscope 107 

Jellies, nutritive principles in 158 

Kant, nebular hypothesisof. 34 

King^s evil, royal touch as cure of 9 

Kolliker on the cell 112 

Lamarck Jean, works of. 6G, 90 

Lamellae of bone 154 

Lanugo as rudimentary structure 81 

Laplace, nebular hypothesis of. 34 

Laryngismus stridulus a reflex affection 12 

Lecithin and cerebrin ik. 235 

Leeuwenhoek, discoveries of. 107 

Leg of man and animals 76 

Levers, muscles as 217 

Life, definitions of. 48 

*^ period of development of. 54 

Light from electricity 31 

Lime phosphate in bone 102 

Links missing, cause of 62 

Liquor sanguinis 268 

Locomotive, derivation of force of. 28 

Machinery, a means of changing force 27 

Machines, animal bodies as 43 

Madder, absorption of by bone 172 

Malpighi, discoveries of 107 

Man, ancient 61 

*^ position of in animal scale 72 

Marrow of bone 171 

Matter indestructibility of. 24, 38 

^^ no, without force 25 

Maturity at birth, determination of. 168 

Mechanisms and organisms 51 

Meckel, ganglion of. 12 

Metabolism of the cell 133 

Meteors, fall of upon the earth 36 

Metrorrhagfia, ancient treatment of. 13 

Microscope, history of. 107 
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Mid-JAW bone„ » « 69 

Miraculous and non-miraculous theories of life^ 54 

Molecular movements^ , , 12:) 

Molecules, size and number of in ovum 89 

Molicre^s satires upon medicine ^. 8 

Monkeys, sense of taste in 71 

Motion as essence of reproduction^ 12G 

" ciliary 119 

** conversion of into heat 30 

*' from electricity, examples of. 31 

** molecular 123 

*' muscular 17C 

** of white blood corpuscles. , 2C7 

** property of an protoplasm.. ;. 116 

Mueller Johannes and the chorda dorsalis 110 

Muscle, absolute power of.. „ 218 

** action of curare on..^ ^ 207 

** ** " nerve force on.. 203,225 

*' ** ** sulphocyanide of potash on 206 

*' persistence of after death 212 

and nerve plate... 232 

and its properties^ 175, 195 

** as levers ■„ 217 

** chemistry of. 184 

»» color of. 177 

" connection with tendons 197 

contractility 195 

*' ag^ents which induce „ 199 

** *' change of form in 198 

»* " degree of. ; 198 

" ** direct and indirect excitation of 200 

" ** effect of. ^. 197 

«* ** independence of. 206, 208 

»* ** electric excitation of. 201, 203, 204 

•* ♦' thermal excitation of 200 

•* ** rate of conduction of. ^ 206 

»* ** sound of, 205 

•• curve » 203 

*^ dependence of upon blood 217 

** diflTerence in different animals 220 

" disks 179 

elasticity of. 185 

etymology of. 175 

«* fibre and fibrilla 179 

24 



tc 












»( 



u 



282 INDEX. 

Muscle, force and nerve force » : 238 

form and shape of .182 

fuel of^ ^ 25 

** general power of. ^^^...^ 219 

** *' properties of. .^ 180 

** generation of electricity in ^..^ m.^... 2U9 

** ** ** heat in 208 

*^ in birds action of.. .^..>.....^.«. 221 

in insects " ** 221 

" involuntary 182 

" " contractility of. ^ 196 

*' names of. ^^ ^ 181 

** oxidation of. _ 216 

oxygen supply to 216 

post-mortem changes in 214 

products of action of. 215 

" protoplasm « « 180 

- «* reaction of.... «.. ^ 184 

** rigor mortis of. , 212 

'* rudiments ^ 79 

*^ sarcolemma of.. 178 

** sense, exercise of 193 

" " and sense of touch «....„, 190 

** sensibility of ^ 190 

^^ sexual differences in 220 

" specific properties of. ^^.. 185 

*^ striped and smooth 176 

*^ termination of nerve fibrc^s in ,^ 231 

** tonicity of. » 187, 188, 189 

^^ transfusion of blood nto 47 

*« velocity and delicacy of action of ^ ^ 221 

^* voluntary, anatomy of. 178 

" wave, the 205 

Muscular force, source of in food '. 39 

Naples, school of and homoeopathy 15 

Napoleon, advice to AntonamarchL 8 

Natural selection.......^ 90 

''*' ^* complications in... 100 

** " illustrations of.. 96 

Nebular hypothesis 34 

Nerve»^ ancient ugnificance of„ ;...mm 244 






iqlioporincaldUDO. 
" upon muiclr 

IndcpendenH oi._. 



" " chenlMnr of 

« " color of_, 

" " divisont of „_.,. 

" " effects of >gc an 

oxid:i[lon n... 
" prime funcUon or,.... 
" " receplion and perception of in.]. 

" relation of bone to , 

** *^ EubordiaiUiimof.. „.. 

Nerve*, proptrtics of. _ 

Nlctititing membraoe of the iuman^ye 
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Rudimentary organs, muscle ^ „ ^, 79 

" ** spinal cord „ 80 

Salpae, alternation of generation in „ 87 

Sarcolemma of muscle ^ 178 

Schwann Carl Theodor and the cell ^ 108 

*' white substance of. 228 

Science versus practice 3 

Sea-buoys, alternation of generation in 88 

Segmentation process of in ovum , 125 

Selection, artificial 90 

" " effects of. .; „ 92 

** natural CO 

** ** complications in 100 

" " illustrations of. 96 

" ** sexual 98 

Semilunar fold in the eye as rudiment 81 

Sensibility of muscle 190 

" »* " and sense of touch 190 

Sense muscular, exercise of. „ 193 

Sensitive nerves, terminations in muscle 191 

Sexes, difference of muscle in 220 

Sexual selection 98 

Sharpey^s bone lamellae 154 

Sheath of nerve tubeis 227 

Ships and force of the wind 28 

Signatures, doctrine of in the treatment of small-pox 6 

Skeleton, the 151 

Smell of flowers, use of 101 

Small-pox, doctrine of signatures in 6 

Sound of muscle contraction 205 

Solar origin of heat 25 

Species, mutability of. 92 

Spectroscopy of the blood .'. 265 

Spermatozoids as ciliated cells 122 

" action of towards ovum 125. 

** discovery of. 107 

Spinal cord, termination of as rudiment „ 80 

** " relation of bone to 150 

Spontaneous generation 141 

Starch, formation of. 26 

Steam engine, the force of 28 

Stephenson George, conception of heat 25 

Sterne, description of receipt by 6 

*^ opinion of medicine by 8 
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Struggflc for existence „..,..«....,.^ „ „ 94, 96 

Succession, order of vertebrate. ,,.., 66 

Sug^r, formation of. „ 26 

Sun as the source of force. .....^ ».» 25, 3S 

" heat of caused by processes of contraction '.., 36 

** origin offerees of. 33 

Sympathetic and cerebro-spinal systems 226 

Tad-poles, cells of chorda dorsalis of. 110, 111 

Temperature of the blood.. 254 

Tendons and nerves.. 244 

^' connection With muscle fibre 197 

Theories of life 54, 55 

Ticdoloureux IS 

Tissues, classification of the 146 

Tonicity of involuntary muscle.... 189 

" " muscle 187 

" ** " a reflex phenomena 188 

Tooth, wisdom as rudiment 79 

Touch, sense and sensibility of muscle.. 190 

** the royal «. 9 

Transfusion of blood 248 

" »* »* into muscles 211 

Uterus, resistance to putrefactive change 214 

Universe, infinitude of. iw........ 38 

Valves of veins, Harvey^s study of. ^ 18 

Velocity of muscular contraction 221 

Vermiform appendix as rudiment 80 

Vertebrata, structures peculiar to 268 

Vertebrate animals, bone tissue in 150 

Vesicle germinal, molecules in 89 

Volitional action 238 

Virchow^s opinion of ophthalmology .'..... 13 

Virgin generation ^ 126 

Vital force, the 210 

Vocal cords, muscular movements of. 222 

Vulpian on brain of man and animals 70 

Wall, the cell Ill 

Warning colors 97 

Water drinking, lime salts in 162 

*^ wheels, the force of. 27 

Wave, the muscle ~ 205 

Whale, perception of impressions in 243 
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Wind, fertilisation by ^ , ^ 102 

Windmills, the force of ^ 27 

Wisdom tooth as rudiment 79 

Woorara, action on muscle 206 

Workf relation of food to^.^ 44 
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